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latecomer to the world of mterface-bus-compatible instruments. 
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In this Issue: 

Go into any circuit design lab and on just about every bench you'll find an oscilloscope, its 
glowing blue or green eye displaying one or a group of waveforms that the owner of the bench 
considers important, Designers spend hours staring at these fluorescenl eyes, fine tuning 
their circuits until those waveforms look exactly the way they should. The oscilloscope's ability 
to display repetitive waveforms makes it a ubiquitous and essential instrument not only in the 
R&D lab. but also in the service engineer's tool kit and in production test areas, where it's been 
something of an anomaly. Often the oscilloscope fs the only instrument in an automated 
production test system that has to be set up manually and can't talk to the computer. 
Now that can change. Our cover subject this month is an oscilloscope measurement system that can set itself 
up automatically or at the direction of a computer. The 1980A'B (ft comes in a low, wide B model and a taller A 
model) can talk to the computer over the HP Interface Bus, HP's version of an industry standard communication 
method for programmable instruments. This programmable scope can capture and display a signal without any 
knob- twisting by the operate r™that's called Autoscope. With its digital waveform storage option, it can take, 
store, and display samples of a waveform, transmit those samples to a computer, and get samples back for 
display along with messages for the operator. Another option, a plot' sequence memory, lets the operator initiate 
a predefined sequence of measurements by pushing a single button on a probe. 

You II find the story of the 1 980 A/ B design on pages 3 to 26. Our cover photo shows a 1980B talking to an HP 
9826A Computer in a lab bench test setup at Fairchild Camera and Instrument Corporation in Mountain View, 
California. Our thanks to Fairchild for their cooperation, 

In the world of microwave frequency sources, the big three are signal generators, sweep oscillators, and 
synthesizers. Synthesizers offer the ultimate m frequency accuracy and stability and are generally more 
expensive than the others. The article on page 30 describes a new instrument. Model 5344S Source Syn- 
chronizer, that gives sweepers and signal generators the accuracy of a synthesizer, turns signal generators into 
sweepers, at least for narrowband sweeps, and greatly improves the accuracy of a sweep oscillators wide 
sweeps by means of a p roced ure cal led " lock and rol L ' For m uch less than the cost of a synthesizer, t he owner of 
a sweeper or signal generator can have synthesizer accuracy, some new capabilities, and a general-purpose 
microwave counter (part of the 5344S)- It's like getting the best of two worlds for the cost of one and a half, 

Wany HP products contain proprietary HP integrated circuits as well as commercially available ICs. A variety 
of processes are used to produce these HP ICs. The article on page 27 describes one such process, a 
new high-performance bipolar process being developed by HP's Integrated Circuits Division in Santa Clara. 
California. Other processes will be described in upcoming issues. 
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Oscilloscope Measurement System Is 
Programmable and Autoranging 

This new concept in oscilloscopes is a significant aid to 
measurement productivity. 

by William B. Risley 



IN THE DESIGN, maniifadure. and serviee of electronic 
equipment no other inslriiment is so ubiquitous as the 
oscilloscope. Early in the tedmical curricula, students 
are introduced to the analysis ot time- variant phenomeni?i. 
The display of signal ampiitude as a function oi time pro- 
vided by an osciiloscope has become t irmly established in 
electrical engineering because oi its ability to provide a 
faithful reproduction of the electrical activity at a given 
circuit node. So important is this method of analysis that 
oscilloscopes have come to accommodate a wide range ol 
signal types. Signals may vary by live orders ol magnitude 
in amplitude and by nine orders of magnitude in duralian 
and stiil be meanlngtuUy analyzed with a single instru- 
ment. Because of their range of application, oscilloscopes 
have become comph^x instruments, able to move fad I el y 
from one situation ta another. 

The thrust of today's measurement trends is towards 
higher levels of automation and the increased use of data 
bases. Most oscillascopes, however, are not computer- 
controllable or systems compatible. Hewlett-Packard's re- 



sponse to this lack is a new breed of oscilloscope. Model 
1980A B Oscilioscope Measyrement System, Fig. 1, 

Computer Architecture 

Tlie ILitJUA B Qsciihisope Measurement System is an au- 
tomated HP-IB* -compatible instrument that makes sig- 
nificant contributions to the viewing, measuring, and pro- 
cessing of time-domain w^aveforms. With its micro- 
processor-based computer architecture, the IQBOAu'B is a 
multifunction, multilaceted instrument. Internally, it is di- 
vided into eight tunctional blocks thdt interface with each 
other by means o( a bus structure [Fig, 2). This extensive 
digital control permits such features as an easy-to-use front 
pane], autoranging, complete programmability^ digital 
waveform storage, and hardware and firmware expandabil- 
ity. Unlike other oscilloscopes, the 19flOA'B's innovative 
front panel has a single rotary control. Colo needed touch 
keys arranged in a logical hierarchy are used for setting up 

•HP-IB iFl H<5wlell-PHc:k;rd's >.mtil(i?irif-jrtlHt»Dri o! lEEE Sfrmdnrrl 49fi (19*6;. 




Fig. 1 , Oes!gne0 for use in auto- 
mated systems. Model 1980AfB 

Oscilloscope Measurement Sys- 
tem IS compatfbfe with the HP-IB 
(IEEE 48B} Among its features are 
Avtoscope, which gives the user a 
diSpiay rapidly and autornaticsfly, 
and front- panel caUbraiion Op- 
tions sn elude- digital waveform 
storage and measurement se- 
quence memory (r) Model! 980 A 
(1) Model 19808^ 
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Fig, 2. Simplified 1980A/& architecture. 

the instrumBfiL while the rotary control is used to adjust 
variable functions. 

The display section permits the operator lo interact with 
the instrument through the CRT. which displays both reaJ- 
time and digitally stored waveforms, scale factors, ynd ad- 
visory messages. The display section includes an ojUion 
menu, softkeys, eight nonvolatile save/recall registers, and 
intensity controls. Standard option menus include 
automatic instrument preset, honl-panel calibration, au- 
tomatic delay and input amplifier Ijalain ing, confidence 
tests to verif\^ operation, and front panel setting of the 
HP- IB address and operating modes. Menus are automat i- 
cally updated as hardware and firmware arc ndded, 

When an invalid operation is attempted, (idvisory mes- 
sages are momentarily displayed on the CRT. Invalid mea- 
surements are impossible using the 198UAyB^ and the ad- 
visory messages help the operator use the instrument to 
its capacity. Error codes, displayed on light-emitting- 
diode (LED) lamps, provide information about internal 
malfunctions. 

In its basic configuration, the 1980^\j'B offers two 100- 
MHz analog measurement channels with 2-niV/div deflec- 
tion factors, two independent and direct 5-ns^div sweeps, 
main or delayed trigger view, delta-time and delta-voltage 
measurements, and a multitude of automated featurtts in- 
cluding Autoscope. which allows the user to obtain a dis- 
play rapidly widiout adjusting individual controls, and 
front-panel calibration, which lets the user calibrate the 
instrument in about 25 minutes by following instructions 
displayed on the CRT.* 



Feature ROMs can be added to expand resident pro- 
grammed firmware measurement capabilities. For exam- 
ple, an optional Plot/Sequence ROM. Model 19811 A, lets 
the user program as many as 25 front- pane I keystrokes for 
each front-panel Input: each stored key sequence can later 
be activated usin^ a probe pushbutton. 

Remotely programmed operation is provided through a 
standard HP- IB port that inlerfaces with all functional 
blocks through the internal bus. All measurtimeni parame- 
ters can be programmed, and touch key operation. CRT 
instruction display, and installed-enhancements address- 
ing are also programmable. Touch key slatus. measurement 
results, and digitally stored waveforms may be sent to a 
CO m [i u ter .' CO n t r 11 e r lor processing. 

With the HP-IB interface, the 19aoA/B can be combined 
with other HPdB-compatible instruments to form a com- 
pletely automated test system. Because the 1980A/B is 
fully programmable, test routines can be established, 
stored, and used repeatedly. 

With the addition of a 198 60 A Digital Waveform Storage 
Option [see article, page 15), the 19B0A/B can be used as a 
comiJletc test system for time-domain measurements. With 
the 1980UA installed, repetitive events to 100 MHz or 
single-shot events to 5 kl Iz can be captured, displayed, and 
sent to a computer via the HP-IB for analysis. This results in 
complete answers without operator intervention. For 
example, a series of standard signals may be digitized and 
stored in a computer as a reference library for automatic 
testing. As tests are performed, signals may be automati- 
cally compared in software. 

Summary 

The 1980A/B is a timely response to today's economic, 
measurement, and technological trends. The concept of com- 
bining a broad range of oscilloscope capabilities, full pro- 
gram ma hi lily, and digital ivaveform storage into a highly 
Uexibie. interactive measurement system provides a new 
tool for computer-aided applications. This instrument is 
now at work in many systems in design ^ engineering, and 
production test. 

Reference 

1. P. Austgen. VV, VVatry. and M Karin. "Softwarf^-based design 
autamates scope up orations." Electronics, March 10, 19B1. pp, 
1H1-1H8. 
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Designing the Oscilloscope Measurement 
System 

by Russeff J. Harding, Monte R. Campbell, William E. Watry, John R. Wilson, and Wllhelm Taylor 



IN THE I980A/B Oscilloscope Meastirement System, the 
mi crapro cesser brings ihe added dimension of program- 
mafaility to the oscUloscope. making automatic wave- 
form measurements possible. Rise time, voltage, width, 
and delay measurements and event detection can be at- 
tained through firmware and software. 

The architecture of the 1980A'B Is shown in Fig, 1. The 
hardware consists of a digital control section, an analog 
measurement and display section, and the interfaces be- 
tween these sections. 

The digital control section is based an the 8085 micro- 
processor and associated chip set. The 8257 programmable 
DMA contxoUer and the 1)275 programmable CRT controller 
chips generate characters for the CRT readout. The 8355 I/O 
ROMs control switch functions such as range selections 
and channel on/off. The 8155 timer is used by various ele- 
ments of the firmware, such as the control knob section, to 
time events. The IIP-IB* section uses the 8291 HP-IB talker/ 
listener chip, which is tied to the 8085 bus. The expansion 
module is also tied to the 8085 bus. 

Fig. 2 shows the fixed allocation of the possible 64K bytes 
of addressable memor>^ locations in the firmware operating 
system. The firmware that controls the basic 1980A/B sys- 

"NP-lfl js HewtettPackafd s nTFpiemenifftiCjn of lEiE alandard 458 (1973^ 



Dig rial Control 



tem is contained in the lower 32K of available address 
space, while the u pper address s pace is dedicated to system 
expansion. All feature ROMs and options can call upon 
utilities and subroutines that reside in the main operating 
system. 

All oscilloscopes contain vertical, horizontal, trigger, 
and display systems. In the 1980A'B, these are in the analog 
section. Because the 1980AjB is mi crop ro cess or- con trolled, 
the horizontal, vertical* and trigger systems are program- 
mable and are designed to make full use of the microproces- 
sor. This requires that these systems be somewhat different 
from their conventional, nonprogrammable predecessors. 

The 19B0A'B's digital and analog sections are coupled 
through serial latch packs, a borixiontal hybrid inlerfaceT a 
16-channeI custom DAC (digital-to-analog converter), and a 
custom DAC refresh controller. Hewlett- Packard designed 
the DAC refresh controller IC to provide the DAC with a 
continuous update of state information. DAC numbers be- 
tween and 2999 are sequentially fetched from IB lixed 
locations in memory and serially transferred to the DAC by 
the DAC refresh controller independently of the 8085 pro* 
cessor. The DAC then translates the numbers to analog 
voltages, which control analog functions such as sensitiv- 
ity, position, and trigger levels. The DAC hybrid also serves 
as the decoder for the LED displays. 

Analog Measurement and Display 
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Adapting the Analog Section 

As tiietirst ytep in making a |)rngrammabltt oscillojicope 
measiiremiini system, [ha tunctiuns swit cited or con Iro lied 
mechanically from the front panel of a conventional 
Gscill escape had to be electronically switched or controlled 
so that the microprocessor could control these functions. In 
t h e 1980 A,' B , the ml cv o [i ro c es s f j r h ri $ I h re e way sol' c o u tro ] - 
ling the itistrument: two ate by s^vvitching and the other is 
analog. One ol the switching sources originates in the mi- 
crnprocessor control system, and a 56-bit serial data bus 
distributes It throughout the instrument. The serial data bus 
is made up cf latching shift and store registers that interface 
the bus to the various micro processor-contro lied circuits. 
The second switching control source originates in the hori- 
zontal section of the IQHOA.'B and controls functions that 
have to be switched in real time (e.g., channel selection for 
alternate or chop display modes). The third sourcfi. the 
m i cro p ro ces s o r- co n tro 1 1 ed D A C . r.; o n tro Is analog f u n ct ions 
such as vertical position. 

Horizontal System 

An oscilloscope's horizontal system, which functions as 
a time scaler, generates main and delayed sweeps, delay 
timep and the associated control signals needed for viewing 
a range of time bases. In conventional oscilloscopes, these 
functions are restricted by the delay time generator, and 
delay time is achieved with an analog comparator. One 
input of this comparator is the main rtvmp voltage, and a 
variable resistor attached to the front- pan el delay control 
knob controls the other input. As the main ramp voltage 



changes, causing the CRT beam to move across the screen, 
the delayed sweep is enabled by the comparator. The de- 
layed sweep begins I m mediately if the delayed sw^ep is in 
auto mode, or at the next delayed trigger if the delayed 
sweep is in the trigger mode. Delay times are varied by 
varyrng the comparator voltage. Since delayed sweeps are 
used to expand sections of the main sweep, they must 
sweep faster than the main sweep. Delayed sweeps are 
normally terminated at the end of the main sweep if not 
already completed. 

The I'J^OA B's horizontal system differs from those in 
conventional oscilloscopes in that its delay time generator 
is programmable and the main and delayed sweeps are 
independent. These two differences effectively eliminate 
the restrictions found in conventional horizontal systems, 
and they are possible because of the structure of the hori- 
zontal system and how it interacts witli the microprocessor. 
Delay times from to 9.^999999999 seconds can be pro- 
grammed via the tiP-lB or from the front panel, and both 
main and delayed sweeps can be independently [pro- 
gramme d f r( J m 5 n s . d i v t o 1 s /d i v . \ V i t h the 1 9 a A,' B . d e 1 ay 
times are no longer dependent on the main sweep, and 
delayed sweep speeds are no longer restricted by main 
sweep speeds. 

The advantages realized Irom this independent control 
become apparent while operBtlng the 19aoA/B manually. 
f''or example, it is possible to change the main sweep to 
achieve a more convenient display and not affect the delay 
time or delay sweep speed. This is particularly helpful 
when viewmg both main and delayed sweeps in the dual 
mode. 
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The absence of ititeraction between dbplay functions 
simplifies not only manual control btil also HP-IB control 
Measurements over the HP- IB can be made using a one- bit 
flag that looks for trigger events during programmed time 
windows. This is called the trigger flag. Time windows for 
the trigger flag are established by the delayed sweep gale, 
which is at a higher logic level while the delayed ramp is 
rimning. Therefore, the width of the time window is deter- 
mined by the delayed sweep speed, and thestarl of the time 
window is set by the delay time. These are independent 
parameters. 

The heart of the 19B0A B's horizontal systein is the hori- 
xontal hybrid circuit. Three custom Integrated ci re u it s^the 
dual ramp IC the bipolar controller IC, and the MOS con- 
troller IC — -and an assortment of resistors and capacitors are 
all contained in this thick-film hybrid (Fig. 3]. Each IC 
represents a major functional area. 

Independent main and delayed sweeps are generated on 
the dual ramp IC The ramp circuitry on this IC is identical 



for both main and delayed sweeps, and Lhe\' share a com- 
mon output buffer and beam blanking logic. Because the 
main and delayed time bases have the same circuitry- and 
are programmed identically, they perform identically and 
are truly independent. 

Sweep spee-ds in the I980A B are continuously variablep 
unlike the traditional L 2. 5 sequence of discrtite settings 
(e.g.. 1 itts div, 2 ^tsjdiv. 5/is.div!, Sweep ramp voltages are 
generated by charging a fixed capacitor with a constant- 
current source. In the 1980A B. the size of this capacitor is 
digitally programmed while the current source is con- 
trolled by the 1980A B's system DAC. Capacitor size estab- 
lishes the exponent of the sweep speed and the system DAC 
determines the mantissa. For example, to set a sweep speed 
of 6.23 ftsdiv, the capacitor size is programmed for the 
1.0'^s4o-9.99-fis range. Then the DAC voltage, which con- 
trols the current sources, is programmed to establish the 
proper current. Using this method, sweep speeds are al- 
ways calibrated, even at 6.23 fts/div. 



Custom Microcircuits Make 
the 1980A/B Possible 



The 1980A.''B OsciJbscope Measurement System mainframe 
uses 17 Gusiom monohthic ICs distributed among ftve custom 
hybrid circuits and sik packaged parts Trie technofogies 
employed include a hjgh-lrequency process, a high-density Dipo 
lar LSI process, an N- channel MOS process, and both thrn-film 
and lhick-fi!m hybrid processes. 

The high-frequency process is a shallow planar process which 
produces transistors with typical cutoff ffequencies (h) of 2.2 GHz 
and subnanosecond swrtchmg speeds. Base insert and coliector 
wall diffusions are included to reduce base and collector resis- 
lance to achieve the high performance Tight aJignment toler- 
ances and 2.5-^m minimum features provide small devfces but 
comparatively limited complexities 

The LSI process is similar but has a higher level of complexity 
This process has a thicker epitaxial layer and deeper base and 
emitter diffusions, but eliminates ihe base insert and coilector wall 
diflustons. and so has fewer masking operations and relaxed 
design rules. Typtcal LSJ transistor cutoff frequencies are about 1 
GHz. resulting in switching speeds and propagation delays of 
about 1 ns. 

Other custom m cc roc i re uii: technologies used inciude athm-film 
tantalum-niinde resiSior network rn the digital-to-anafog converter 
(DAC) hybrid and severai high-density N-channe< MOS ICs used 
in both the DAC and honzontal hybrids to implement the confrol 
logic funcfions 

Thtck-fjim hybrid technology is used to interface the vanous 
custom ICs with commerciatly available ICs and precision resis- 
tors and capacitors The circuitry is partitioned into tour major 
hybrids (see Ftg. 1 ): the DAC, the vertical preamplifier, the trigger 
circuit, and the horizontal system Using rhfck-ftlm hybrids and 
custom ICs, the circuit density ol the 1980A/B ts at least an order 
of magnitude greater than an equivalent prrnted circuit board 
I mpla mental ton, Also, a significant high-frequency performance 
advantage was realized thanks to the small conductor trace 
widths, the laser-tnmmed 1% resfStors. and the short trace 
lengths between adjacent components. Without the pertormance 
advantage of the high levels ot integration and circuit density 
achieved, the 1980WB would not have been a feasible project 

Early in the developmant program it was clear that manufactur- 



ing technologies would have to be improved to achieve cost- 
effective production at these hybrids. Since each hybnd requires 
about 90 wire bonds, an automated wire bond process was de- 
veloped. To achieve consistent, weii controlled assembly of the 
add-on components, an automated hybrid assembly process 
was developed A new hybrid test system was desrgned to facili- 
tate rework Because most electronic failures are recurrent and 
computers are extremely efficient at repetitive problems involving 
memory work, a computer was trained to troubleshoot hybrids by 
entering known solutions to specific failure modes. The computer 
compares symptoms of the hybrid under test with the history of all 
past failures It then chooses the best cure tor the particular failure 
mode Ef no correlatron is found, it will request aid from the techni - 
cal siaff. Since there fcsan on-going interface between the comput- 
er and the technical staff, the farlure history file is continually 
updated and a complete record of past failures can be accessed, 

-WMam Duffy 
■John Meredith 
-Mike McTigue 




Fig, 1, The four /?„...,,• ■..-•■ ; .,/ fhe IQBOAiB From top, 
ctockwsse. the horizontal sysrem, dignal-to-anafog Donvener 
(DAC), tagger circuit, and vertical pmampiifmr. 



SEPTEWB£R mhIZ 1 1EWL£ TT PACKARD JOURNAL 7 



)Copr. 1949-1998 Hewlett-Packard Co. 



aVNcJ" 



BCD. 



-rn_r 



*i JLJLJLji_iLJLJL_n_n_n_JLJLJLJL_n_n 
*2_n_jLJi_ji_fi_xjLJLJL_n_jL_n_JLJL_n_ 

Fig . 4 ., TheMOS controller !C controts the trans fer of da la from 
the micjoprocessor to the hoffzontal system Data is trar^s- 
f erred synctiroriousty over f/iree serial data llnes^SYNC, iS. 
and the 8CD line— using t^o external clocks, 61 and t^ 

A startable lO-MIlz oscillator, delay timer, and real-time 
control are on the bipolar controller IC. The startable oscil- 
lator generates an accurate 100-ns [10-VDIz] delay clock 
which Is synchronized to the main trigger. Establishing the 
Imiing ot the delay clock and main trigger allows the delay 
time lo be counted digitally, and this decouples the delay 
time from the main sweep. For delay times loss than 100 ns, 
an independent fine delay ramp and comparator are used. 
Fine delays are controlled by varying the initial charge on a 
fixed capacitor, A constant-current source then discharges 
the capacitor, generating the fine delay times ranging from 
to 99,9 ns. 

Digitally counting delay times rather than using the 
analog comparator method of conventional oscilloscopes 
led to two special features of the 19B0A/B: digital delay and 
automatic delay time calibration. The delay trigger clock 
replaces the 10- MHz startable oscillator when the 19aOA/B 
is in the digital delay mode. The delay trigger clock goes 
high each lime the delay trigger source satisfies the delay 
trigger conditions [level and slope). Therefore, the delay 
time is now a function of delay trigger events. This is par- 
ticularly useful in finding the nth pulse in a data string thai 
is jittering so badly that it cannot be seen, 

fJuring automatic delay time calibration, the 10 -MHz 
startable oscillator Frequency is matched to the crystal ref- 
erence that generates the microprocessor clock. The delay 
counter is cleared and then allowed to count the 10- MHz 
startable oscillator clock for a given amount of time. The 
resulting count is transferred to the microprocessor for 
evaluation- If the count does not match the expected count, 
then the oscillator frequency is varied ^ and the entire pro- 
cess repeated. With completely automatic calibration, the 
1980A/B can calibrate its delay time whenever requested. 
This means that the accuracy and stability of the crystal 
reference can be applied to every measurement. 

The third custom IC in the horizontal hybrid is the MOS 
controller* All communication between the microprocessor 



and the horizontal system is handled through three serial 
data lines connecting this IC to the horiscontal interface 
circuitry in the microprocessor system. Scope mode, coarse 
delay time, and main and delayed sweep ranges are trans- 
mitted over these lines. Fine delay and continuous sweep 
speeds are controlled via the 1980A,'B's DAC system. The 
MOS controller IC becomes involved in real-time control by 
counting the holdoff time between sweeps and the upper 
seven BCD digits of delay time or digital delay count. 

Programming the Horizontal System 

As stated above, one way ttiat the microprocessor com- 
municates with the horizontal system is through the DAC. 
Four DAC channels to the horizontal system are available. 
The main sweep rate, delayed sweep rater 10- MHz oscil- 
lator, and fine delay time DAC channels are used to make 
fine adjustments in the horizontal system. 

The basic digital information the microprocessor trans- 
fers to the hori^.ontal system is grouped into three major 
areas; scope mode, sweep mode, and delay time. As stated 
above, the MOS controller IC controls the transfer of this 
data between the microprocessor and the horizontal sys- 
tem. Proper management of this data requires both interrupt 
and non interrupt data transfers. Data transfers with inter- 
rupt reset die horizontal system, transfer data, and then 
restart the system using the new data. This type of data 
transfer is required when changing the scope mode or 
sweep ranges, and in some automatic measurement appli- 
cations. Noninterxupt data transfers are used for changing 
delay times. The horizontal system does not recognize data 
transferred without an interrupt until the current sweep 
cycle is completed. 

The MOS controller IC design takes advantage of the low 
power dissipation inherent in dynamic MOS circuit de- 
signs. The circuit uses two external clock.s. (^1 and <k2. Data 
is transferred synchronously with these clocks through 
three serial data lines: SYNC, IS [instruction), and the 
bidirectional BCD data line. The data transfer timing is 
illustrated in Fig. 4. During SYNC high, the in.^truction line 
data is shifted into an instruclion decoder, If no valid in- 
struction is recognized, the horizontal system continues 
unaffected. When a valid instruction appears* the MOS 
controller accepts information on the BCD data line. The 
first instruction sent lo the horizontal system defines the 
type of data transfer tliat will follow. That is. it says whether 
the next data transfer will be with interrupt or without 
interrupt. After the type of data transfer has been estab- 
lished, all subsequent transfers are that type until another 
instruction to change the type is received, 

A third t>^pe of data transfer is used when calibrating the 
delay time generator. The delay time generator is calibrated 
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by zeroing the delay counter and then allowing it to run for 
a predetermined length of time. The upper seven BCD digits 
of the delay counter are then transferred tothemicFOproces^ 
sor via the bidire<1ionai OCID daUi line. This calibration 
transfer is the only transfer of data from the MOS controller 
IC to the microprocessor: aJI other d<ita transfers go in the 
other direction. After the microprocessor has received the 
seven BCD digits, il compares what it received with what it 
knows should have been received. The difference h used to 
adjust the frequenc}^ of the 10-MHz oscillator. This is re- 
pealed utittt the received data agrees with the expected 
data. The oscillator^s frequency is adjusted by the micro- 
processor via the tU-MHz nscillator DAC channel. The 
microprocessor controls the nscUJator's frequency by con- 
trolling the output voltage, which controls a variable 
capacitor in the oscillator's LC circuit. 

Real-time control of the horizontal system is a coordi- 
nated effort between the MOS controller iC and the bipolar 
contrtiller IC. The bipolar IC receives scope mode data from 
the microprocessor via the MOS control] er IC. Then on a 
sweep-by-svveep basis t the bipolar IC operates the horixun- 
ta] system in the appropriate mode. The allowable modes 
are channel 1 versus channel 2, single sw-eep. auto or 
triggered main sweep, auto or triggered delBved sweep, and 
digital delay. During each sweep cycle the MOS controller 
IC counts the upper seven digits of the delay lime. These 
digits represent either l-fis counts or. in the digital delay 
mode, trigger event counts. Also, at the beginning of E^ach 
sw^eep cycle the MOS controller IC counts a 1-MHz clock to 
establish an appropriate holdoff time as defined in Table L 
Holdoff time is reqnired so that the sweep capacitors can 
discharge completely before ti new sweep is started. 

The 100-ns digit of the delay time is counted on the 
control IC, Clocking For this counlf*r is derived from ihe 
lU-Mn:^ startable osc:jllator whic:h is t:ti|]brHted using the 
calibration data transfer menlioned earlier. As with the 
scope mode, the microprocessor sends the iOO-ns digit via 
the MOS controller IC, 

Delay time is counted from the most-significant digit to 
the i east-significant digit. For exanjple. delays greater than 
1 ^s are counted first on the MOS controller IC* which 
counts in I-jlis steps. After digits 1 /xs and greater have been 
counted, the bipolar IC then counts the inO-nsdigitSn After 
all digits have been counted, there remain the delay limes 



Table I 

Holdoff Format 
hloldoff time (clock Lycles) at 1 MM^'. 



Sweep Speed 

0-1-1 s 
0,01 -(II S 
1-10 ms 
0.1-1 ms 
0.0141.1 ms 

MO fAM 
0.1-1 fiS 

0.01-0-1 fLS 
5^10 ns 



Required Holdoff 



Counts 


Time 


200.000 


200 ms 


200.000 


200 ms 


2.000 


2 ms 


2,000 


2 ms 
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Allowing for System Expansion 



osciifoscope are mtegmie:: - Osctiioscope 

■ " ::em- the insi'j^^-'e'^! .^n na'-ne two separate 

- gfiri sevefi firnrtwaf^? feature'?; Hardware 

i tor, i-^a ^ Slot age 

:j6 only f':- ■ d fealyres 

3fe ROMs thB\ can use exisimg rfardwgre lo imptement new 

features or measuremen! sets Memory space ss aiiocated lor 

each ot These expansion modes 

With firmwafe. destgners can create new features ia«iorecJ ^or 
the 1980A B Ttie HP 196! 1A Plot Sequertce ROM. used with the 
1980A B s probe is an exampte tl alfows the user to program a 
sequence remotefy specifying up to 25 keystrokes for each 
front-panel «npu1 The sequence spec if ted for a particular input 
may then be executed dy pressing a dutron on ihe pro be attached' 
10 that input, Possibte future ROMs mctude preprogrammed test 
sequences with step- by- step instructions lo the operator via the 
CRT character generator and without an exten^al eontfOiler 
Resident firmware does not refer to an option by name or number 
Instead, identiftcation iscontatned in theoption's ROM. When the 
option menu is pressed, The marntrame checks for the e^ttstence 
of each option by checking a known memory location, ittheopt'on 
extsts. tt^en the option menu ss written according to the ASCII 
string thai resides eh the option ROM and is dtsplayed on the CRT 

Feature ROlVls are accessed througn the softkey menus. 
During the mam program, a)l options and features are allowed to 
respond to any rotary control motion or front- pane I keystrokes. As 
controller library routines are developed, it will become possible 
to transfer popular utilfty or measurement programs to the 
1980A''B s side of the bus to minimize bus traffic and enhance 
overall perlormancs- Feature ROMs will also allow expansion of 
the HP- IB command set 

The possEbhIiises for future expansion are extensive because 
(he system directly or indirectly polls ail enhancements and the 
enhancements may be either ROM or expansion modules that 
contain ROM tn addttton, desfgn changes withrn the system itself. 
such as substituting another type of interface for the HP-IB. are 
possitile because of the partitioned architecture 

■WiHiam Watry 



ranging from to 9119 ns. The fine delay circuits on the 
bipolar IC hciiidle these delays. Kintr dr^lay tiinein are kh! by 
ifie DAC. A (.otistant-current soutcr diHchargas a capar.ilrjr 
to generaie the fine delay. Thn initinl voltage on the 
capacitor is set to the fine delay DAC voltage. Then, at the 
appropriate lime* the capacitor is allowed lo discharge to 
groimd, general ting an end- uf- delay- time signal. 

The tnicropriJCe.ssDr controls the finedelay by controlling 
the fine delay DAC outpitt voltage, Tho fine delay DAC has a 
range uf to +4 volts, representing ai^proxiniately -'In to 
■^ 1 25 ns of dfilay* The overlap al lows for sy. stem call brat ion. 

Th(^ dual ramp I(] also rt^ceives data frcnn the? niic:rn- 
processor via the MOS controller IC. four bilK are requirod 
by bath the ma in and dtilay time bases to define their respect 
tive sweep ranges cotnpletely. Dncoding thnse bits deter- 
tninMiS the toUil caiJHcittuice and current switched into the 
ramp circuits. Table II shows the decoding of Ihese fnts. 

Nate that for each total capacitance value two current 
sources are used, xi and x to. Both current sources are 
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Table II 










Sweep Range Data 
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Data 


Speed 








Source 


Bits 












12 3 


time/div 


100 mF 


VF 


0.01 fjif 50 pF 




D 


0,U1 s 


IN 


IN 


IN IN 


XI 


1 


0,01-OJ Fi 


IN' 


IN 


IN IN 


KlO 


10 


1-10 ms 


OUT 


IN 


IN IN 


XI 


11 


OJ-1 ms 


OUT 


IN 


IN IN 


xIO 


1 n n 


ojn-0,1 ms 


OUT 


OUT 


IN IN 


xl 


G 1 1 


1^10 JUS 


OUT 


OUT 


IN IN 


xlO 


110 


0.1-1 ^s 


OLiT 


OUT 


OUT IN 


xl 


111 


0,01-0-1 /iS 


Ol 'T 


01 fT 


Ol IT IN 


^10 


10 


5-10 r^s 


our 


Ol ■ r 


OUT OUT 


xlO 



^Tnefe ss always a 50-pF capacstDr m the cjrcutt in addition to 
the ones swirched in, 



eontroIlBd by ihe microprocessor via tho main sweep DAG 
chatinel and the df^layed sweep DAC channel. 1 lie.'ie DAC 
voltages can be varied continuoLisly rrooi their minimuni to 
their maxiniiim values. Therefore, the current sources are 
continuously variable and the 19B0A,'B"s svvc^ep speeds are 
continously calibrated. 

Trigger Flag 

To complete the control loop needed for automated mea- 
surements, the horizontal system must be able to talk back 
to the microprocessor. The horizontal hybrid interlace pro- 
vides a method of setting sweep ranges and delay time as 
well as a means of reading trigger conditions (trigger flag). 
Trigger flag is d feedback line from the sweep hybrid to the 
hfjrizrmtal hybrid iiilerface on I he microprocessor board. 
This feedback line provides a flag from the trigger circuit to 
the microprocessor and allows the microprocessor to con- 
trol the analog section interactively- This is the only lime in 
normal operation (i.e., not during calibration] tliat data is 
transferred from the horizontal system to the microproces- 
sor. Trigger flag is set if a trigger event occurs during the 
delayed sweep. The trigger source can be selected as either 
main trigger or delayed trigger. Using the programmable 
trigger source and time windows established by the delayed 
sweep gate, the trigger flag talis the microprocessor if a 
trigger event lias occurred within the progrannned time 
window. 

It is the trigger flag that takes the 1980 A' B out of the realm 
of a microprocessor- controlled oscilloscope and into the 
realm of a truly automated instrument that can detect signal 
conditions and self-adjust accordingly. The trigger flag is 
an integral part of the Autoscope routinen one of the 
19a0A/B's most significant features.^ The 8085 micro- 
processor firmware controls virtually all internal states of 
the 1980A,'B. Using I rigger Hag. the settings of certain 
modes and values may be altered by means of an algorithm 
that includes the parameters of an external signal. In this 
way. the 1980A.B may be set up to display an input signal 
automatically. This is the function assigned to the AUTO- 
SCOPE key. 



Pressing the AUTOSCOPE key causes the lOaOA/B to 
examine an (njin! waveftyrniH adjust its settings- and present 
a signal appruximately tliree divisions high and two cycles 
wide on the CRT, There is also a Selective Autoscope func- 
tion, which is accessed through the blue prefix key. thai 
relalns previously selected setup functions such as 50fl 
inputs and trigger conditioning. 

Vertical System 

The vertical system in a converttlonal oscilloscope func- 
tions as an amplitude conditioner. Because an oscilloscope 
must handle a large range of input signals, from millivolts 
to tens of volts, it is necessary to attenuate incoming signals 
to keep I hem within the dynamic range of the vertical 
amplifier. The vertical system must also delay the incf)ming 
signal so that the leading edge of a fast-rise pulse can be 
displayed on the CRT. It also provides a sync pickoff from 
the vertical signal whit:h allows internal triggering, and it 
adds a position signal to allow convenient display of the 
signal. 

Incorporating a microprocessor into an oscilloscope does 
not functionally change the vertical system block diagram. 
Kig. 5 shows the 19anA/B's vertical system, tiowever, some 
different circuit and control implementations were incor- 
porated to a ceo rn mod at a program ma hi iity. The basic buiUi- 
ing blocks of the vertical system of the 1980A,'I3 are the 
attenuator, the preamplifier, the delay line driver, the delay 
line, and the output amplifier. 

The major ciiallengeof the vertical system was the design 
of the attenuator switches. They had to meet all of the 
electrical performance requirements of their mechanical 
[Predecessors, such as low cc>nlact resistance, low leakage 
currents, low input capacitance, low feed through r:apaci- 
tance, and high breakdown voltage, and they also had lo he 
pro gramni able. Programmabiltly added a significant new 
constraint because of the electronic interface required and 
the increase in contact life demanded of an HP-IB- 
controllcd instrument- The attenuator in u manual oscillo- 
scope might see SCtOOU cycles in a year of service while the 
attenuator in a programmable unit might see well over a 
million c^^cles within the same time period. 

After a number of false starts using various types of off- 
the-shelf relays, and considering the natural extension of 
programming a cam-actuated mechanical attenuator via a 
step motor, a custom multiple-solenoid design seemed to be 
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the right approacih. Although this approaiii appeared sini- 
ple, it did present a substanliai set of problems. 

ElectriGailv* the attenuator has to provide a high-rmped- 
ance (1 Mil) or 50n termination, ac or dc coupling, ground 
reference, and attenuation of xl. xia, and -100. This 
means that each attenuator needs eight contacts. Because of 
the space constramls of the mainframe, a dual attenuator 
package that includes both vertical input channels was 
chosen. The resulting design for a single contact is shown 
In Fig, 6. 

The microprucessor controls the attenuator through the 
serial data bus. The outputs of the shift and store registers of 
the serial data bus interface to high-current drivers which 
control the Individual solenoid <;oiIs. When a coil has been 
energized, it sets up a field in the magnetic circuit, which 
consists of the solenoid housing, the cot I core, and the 
armature. The armature pivots in the electrostatic shield 
and forces the electrical contact/spring to make contact with 
the printed circuit board. 

The electrical contact/spring, a critical component of this 
design, serves two functions. It is the signal patli when 
activated, and the armature return spring when the coil is 
no longer energized. Springs on printed circuit boards are a 
common method uf aUenualor switching. However, the 
springs normally used are not designed far millions uf 
cycles. Such a spring has to have extremely high tensile 
strength, good fatigue resistance. Id w^ tarnishing properties, 
high electrical conductivity, and reasonable manufactura- 
biiity. To provide the amuunt of motion required of this 



spring without too much stress, the spring material needs a 
low modulus of elasticity as well. At first glance, 
berillium-copper seemed the proper material. However, 
this material does not have the fatigue properties needed, 
and it also tarnishes. An alloy of palladium, platinum, gold, 
and silver met all the requirements. To maintain low stres.s. 
the spring is long and thin, and to provide adequate return 
force to the armature, it is wide. 

As mentioned earlier, the magnetic path of the relay in* 
eludes the housing, core, and armatiu-e. When the coil is 
energized* the armature pushes the spring down by pivot- 
ing around the core. The force must be quite liigh to over- 
come the force of the spring, and so a relay material with 
high permeability is used. When the coil is turned oft. the 
current ceases to flow, and the return force ol the electrical 
contact spring overcomes the diminishing force of the ar- 
mature and breaJts electrical contact with the printed circuit 
board. The return force also overcomes a residual magnetic 
force that exists after the current is switched off. This force 
is minimized by putting a thick ciuome plating on the 
armature. The plating acts as an air gap in the magnetic 
t:ircuit and reduces the activation force at the end of the 
armature's travel, Reducing this force diminishes the un- 
wanted tiigh acceleration that wears out the armature and 
decreases contact/spring life. 

The reliability^ of the contact system was recognized as 
critical. During the design c:ycle, the contact system was 
severely tested. The results of these tests were used to mod- 
ify the design and production processes until the desired 
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performance was achieved. The tests also showed that 
fewer than n.B% pf the contactH break in the first l,noo,0t)O 
cycles uf operation. Useful life tif the contacts is limited to 
around 1,500.000 cycles by the buildup of nonconducting 
organic polymers, which begins to increase contact resis- 
tance at this point, 

111 addition to fulfilling its function as an attenuator, the 
programmable attenuator designed lor the UJBOA/B also 
contributes in other areas. Primary among these is that it 
allows the microprocessor to scan through the vertical at- 
tenuation ranges automatically to perform automatic setup 
for bench applications, Second, it aUows remote setup for 
bus-controlled applications. Third, the attenuator\s input 
DNC connector has not only the usual signal and ground 
paths, but also a third path, which has two uses. One is to 
sense the value of a resistor in tIP lOOBO-Series probes. If the 
resistor identifies the probe as a -rlO probe, the micro- 
processor scales the volts/division readings on the CRT and 
LKD displays so that the correct values are displayed. These 
probes also have a button that shorts the internal resistor to 
ground: this can be used to initiate a measurement sequence 
stored in the 19811 A Plot/Sequence ROM (see box, page 9]. 

The circuit implementation of the remainder of the verti- 
cal system is identical in earlier designs except lor the 
preamplifier and the interface level shifting neciessar^"^ for 
electronic control. The design of the preamp is centered 
around a 10:1 vernier. This particular design eliminates the 
1, 2, 5 intermediate range switch inj^ normally required for 
an oscilloscope and allows continuous calibration of the 
vertical system. No down -vernier, uncallbrated conditions 
exist for the I980A/B. 

Fig. 7 is the schematic design of the vernier circuit. Con- 
ceptuallvN the current Ij^ and the current Idao which Is 
generated from the gain DAC input, establisli tlie emitter 
currents of devices Ql and Q2 in the control circuit. Device 
Ql in turn establishes a base voltage for devices Q3 ^nd Q4 
while device Q2 sets the base voltage for devices CJ5 and Q6. 
By appropriately controlling the differential base-emitter 
voltage of these devices, the 10:1 vernier range can be 
acbieved. The actual vernier range is approximately 12:1 to 



allovv for calibration range. The dc restore circuit keeps the 
dc bias level at the output of the vernier [coJIectors of Q5 
and Q6| constant, independent of the vernier setting. 

Continuous calibration lets the user set up a convenient 
display that is always calibrated. For example, the v-ertical 
sensitivity may be adjusted so that the peak-to-peak display 
of a signal of unknown amplitude covers ten divisions. The 
signal's peak-to-peak amplitude is then easily determined 
by multiplying the displayed vertical sensitivity by ten. If 
the vertical sensitivity display reads 38.9 nV/div. the sig- 
nal's amplitude Is 3B9 nV. 

Vertical position is also controHed by one of the 
microprocGissor-controlled DAC channels. This particular 
DAC output is a current and drives the circuit shown in f ig. 
b. The voltage developed at point A is reflected to point B 
thus controlling the total position current available from 
the current source. Thead%^antage of this circuit implemen- 
tation is that it uses diffused monolithic resistors and does 
not have to rely on precision thick-film resistors for position 
accuracy. Like all analog functions on the 19B0A.'B, the 
vertical position is calibrated; calibration of the vertical 
position is tbe hardware basis for the front- panel *1V fea- 
ture. When under bus control, the waveform can be 
positioned wherever desired, without an operator. Produc- 
tion test applications will find this useful. 

Trigger System 

An oscilloscope's trigger system selects the trigger 
source, internal or external, and conditions the selected 
signal by filtering. The trigger system provides ac or dc 
coupling and low-frequency or high-frequency rejection. 
Internal trigger source selection picks off a sync signal from 
one of the vertical input channels, while external source 
selection uses an external source input different from the 
vertical channels. Trigger view^ which allows the user to 
view this conditioned trigger signal, aids in determining 
the trigger point. The output of the trigger system is a 
star t-of-s weep signal for the horizontal .system. 

Adding programmability to an oscilloscope left the role 
of the trigger system unchanged. In fact, the only major 
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innovation in the 1980A 8's trigger system is in the inter- 
face implementation* which allows the trigger system lo be 
controlled by tbe microprocessor system via the serial data 
bus. For external trigger inputs, the attenuator used is simi- 
lar to the one used in the vertical system but with attenua- 
tion factors of xi and xl() only. 

The block diagram of the 1980A/B trigger system appears 
in Fig. 9. The three main functional blocks are the trigger 
attenuator for external inputs, the trigger conditioning IC 
for filtering tbe trigger signal, and tbe trigger comparator 
IC. which with the enable signal from tbe horizontal system 
generates the start-of-s\veep signal. 

Both the trigger conditioning IG and the trigger com- 
parator IC are on a single thick-film hybrid circuit. Thick- 
film capacitors are used for implementing the filtering 
functions. Only the ac coupling mode requires circuitry 
outside the hybrid because of the size of the capacitor re- 
quired. 

Calibrated trigger level, one of the lyBOA/B's special fea- 
tures » is provided by the trigger coupling IC. This feature 
lets the user preset tlip trigger ievei fur bus-controlled ap- 
plications. This is particularly valuable in production ap- 
plications where the system under test has known charac- 
teristics and the trigger level can be preset without operator 
assistance. 

The trigger compel rator IC} has two innovative features. 
Tbe first of these is trigger sensitivity selection. I laving two 
trigger sensitivities optimizes trigger performance as a 
function of vertical sensitivity. The lower trigger sensitivity 
corresponds to the high vertical sensitivity range (2 mV'div 
to 9.99 mV'7div). This means that larger displayed signals 
are required to trigger the ItUJOA/B when it is on tbe 2.0 
mV/div to 9.99 mV/div range than when it is on the 10.0 
mV/div to 10,0V/div ranges. The ratio of trigger sensitivities 
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^^^^ jj^ from Purdue fJmvarsity. He has worked 
^B^l^.^ a^P in thesampling oscilloscope group, the 
d^spJays group, and the monollthc IC 
'.■3 b. After joining the 1980A.-''B project 
■earn, he was responsible for the design 
of the attenuators and trigger circuits. 
He then became project manager for 
the hardware design, and later trans- 
ferred with the 19Q0A/B to production 
as production section manager- Russ is 
marned and has a daughter and a son. 
In his spare ttme he hikes, cross- 
country skis, collects beer advertising 
memo^ab^lla, and works on hfs son's model train 





Wilhelm Taylor 

After receiving his BSME degree from 
Colorado State University. Will Taylor 
joined HP's Colorado Springs Division 
in 1 975- He has worked on the 1980A/B 
project and the 1950A expansion mod- 
ule for the 19aOA>''B. Will is currently with 
HP's Colorado Telecommunications 
Dtvision and has an MBA from the Uni- 
versity of Colorado in Colorado Spnng f. 
His hobbies include running, chess, 
and woodwDi'-: '■■i 




Monte R. Campl>&ll 

Wonte Campbell, presently project 
manager for the 1 980 A/B's expansion 
modules, worked on the honzoniat sys- 
tem integrated circuits mthe 1980A."B 
Monte, who joined HP in 1977. has a 
BSEE degree from Colorado State Uni- 
versity and an MSEE degree from Stan- 
ford Universiiy. He is married, has a 
daughter, and H^es m Woodfand Park, 
i^. Colorado. He has a pnvate pilot s 
^ license and enjoys Softball and skiing. 



S£PTEWBER 19B2 HEWLETT-PACKARD JOURNAL 13 



)Copr. 1949-1998 Hewlett-Packard Co. 



is I to 1. This tllfference helps reduce the possibility of 
triggering on noise when using thtj hijjh -sensitivity vertical 
ranges. 

The other feature ut the trigger comparator IC is the auto 
chjcJv uulput. This output is a shajjed version of Ihe input 
signal that is sent to the horixontai system. There it is 
combined with ntlier signals to generate the trigger flag 



signal essential to the 19B0A/B's Autascope operation rind 
other trigger flag measurements. 

Reference 

J. V, AiJKtgen, VV. Watry. and M, Karin, "St ill ware- leased design 
atihjmates scope operations." Eloctronics, March 10, 19BL p|). 



The Early History of the 1980A/B Oscilloscope Measurement System 



by Zvonko Fazarinc 

He^lelt-Packard Laboratories 



Tfie i^viatapmertl ol the I90OA'B Osollaisaspe Measurement Svatem began many 
years ago When John Voung, ih&n an HP vice pnesident. approachsd Paul SlofI, director 
of the E^eclrofnc Research Labar^Jory', wJth a requesft lor a concerted eflol m Ihs field of 
paetlkjscrjpss Tne sxplotatjonis iimtB to pyf3u# th@ trends m time-domaan measure- 
ments in view of The emergtrtg digital ekectronjcs 

During ^1.1:^ pn-suirkg weeksa seiies of byamutarming sessions WEfrecor>clucted by Paul 
Stott arid nilierided; by memtjers of the tecfiincaJ sta1f Th^ Colorado Springs Divts«ort. 
which js r<?5ii>unsiti1e lor osciHDSCop& deuelopnienE and manufacturing at Hewl-ett- 
Packaid, serti rapresentst^ves to Palo Alto, amcuig ttieTnthe present division manager. 
John Rlggen, 

Tne eniriusiasm iot whal we called the "smari scopa" grew quickly m the laboratory 
Bind exciling new ideas vv&m generated at a hngh rale in a synergjsfJC exchanga between 
tt^e traditional si^aiog errgmeera and the digilally oriented team that had)usi compJeled 
th^ development of the first scienlif^c pocket calcrulator, ihe HP-35. Eventually Paul Stoft 
leil that trie lime was ripe lor organijing the project learrs and crharged this author wilh the 

First, Ihe crilic-^l areas were staffed. Dart Hunsmger, pr&senfty ftie tC tacility manager 
of HP's Santa Ctara Division, was given responsidility tor inventing and deve.rjpM-'Q tiie 
ybltage-contrDii&d pceampiifler. His effod resulted jn propnetary cPg-signa :tiat '^ealt 5uc- 
ces&fully with noise and control linearity problems over Two decades at gam Die^ 
Baumgartr^er, who had fi^fpenence witn DscilloScope design, was given the I ask of 
solving the voltage ctthlrpl probjem lor trie sweep generator. Dick Cravuford ttie mos! 
expenenced of alf. who trad been ccordmatrngthe whole etfort within Ihe laboralory and 
wiiin ine division up to that point, was charged with rBsponsibrlity for deflection amphfiefS. 
power supplies, and pacl<aglng Because we wanted 10 keep the beam (nten&ily under 
processor control, he was aJsc faced wfth Ihe probkem ol Ihe DAC interface to the 
high- voltage supply Dave Cochran, who had just developed and implemented Ihe 
sdentifjc Ifbrary for the HP-35 CatctilatDr, accepted responsitiility for the control al- 
gonttims and for the display driver circuitry 

VVayne Grove joined the team as the liaison to divisions mat wouW be involved in 
Int^gr^ted drciiits. hybrids. LED displays, and other components, Greg Juatsce was to 
devekp a iow pgwer vertrcai detlectton amp liber and Jrm Umphrey and Bifl Mordan. 
whose talents weie contrrbuSed by itin Colorado Springs D'vision, were 10 develop the 
digital delay and Ihe trigger circuii re.si:n?cti <j^\y. Mark Morgemhalr^r pined Ihe project to 
wotk on Ihe attenuator but was ioon cbarged with the deveiopmen! of a volt age- 
controlted delay generator and of a orecise tiiggerable osciflaror. Kpn Poieisori look on 
ttle resoonsibtHty lor the delay counter The number of contrulled blocks grew qujchiy 
beyond the practicality of ir>dividiial d«gi!ai-to- analog converters, so Knud Knudsen was 
given the le^pons^biliTy foi a l6-channel single-chip DAC Rich WheeEer's task was to 
a^^l a rTkagnetfeC card reader tor storage ql control Gettirigs, Wlien RaipH Eschgnbaoh 



accepted Ibe laJSk oi system partitioning into hybnds and the developirient of Ihe reguired 
substrales. the project 3eBrT>Bd to be well on its way with the ejtceptron of the digital 
controller This problem was resolved when France ftodfi. Ibe deveioper ol the HP'35 
processor, responded to the chaile/ige o! malting his processor do Ihe controlling 
lunctlon and lOirFed iho team 

The tremendous strength and dedfcation of Ihe isroject team resyfted in last progress in 
cifcuii devebpmeni but a^so «n an even fester pnrjiilerafion of ideas that rrtercilessty 
ignored the traditions in o$cilfoscopy. Serious questions of market acceptance arose and 
we decided to Subject the new concepts to the scTutmy oi managemeni. mari^ethrig. and 
representaitis/i us&rs in She form ol a compiHiter simofation. Paul Hughet. coached by Jim 
Duley, produced a ccmplate emulation of controls and responses on an HP computer 
This was used succesalully ;o test a numljer of competrrtg ideas and provided a good 
preview of the proposed concepls for management A projecl review by top cotporate 
end divislonaJ managemenl, which included a lonctional mock up of the osctlloscope tieid 
10 the computet by an umbilical cord, brought full support for the project and a number of 
good suggestions, most of them from Barney Oliver , HP vice president lor R&D. who was 
aclively invorvgd tn the project th^OijighDu! its life A nufrit3er of excelled j suggesthons 
came froni division manage rrrfznr. noi^oiy ihat for a single control knob with menu 
aefection and cba racier geneiatjon on screen as an aJiernative lu individual pushbutton 
controls and LED displays 

Responsibilrly for the breadboard rested with Frank Lee, Rtch Marconi. Lyman WliHer 
and fiene Reynolds They not only kept pace wifh numerous changes but continually 
upgraded the lunctional breadboard with custom integrated circuits as ihese were 
processed by the Santa Clara bipolar facility and by Lowe land's MOS processing pJanl- 
Dunng this penod the mduslrlai designers. Sill Wohltman and Dick Anderson, produceda 
line of attract i\^e packages fori he instrument, and George Drennan, Bob Hirsch, and Dan 
Pax ton worned about the mechanical aspects of internal packaging in preparafic, i for 
tooling design, Clarence Sludley. the designer of Ihe HP-35 keyboard, took another \odk. 
at the same problem fronri Ihe instrumentation viewpoint and generaied a r^umbef of 
innovative ideas The lion's share of Ehp ettott. though, was devoted to software. The: 
newly ecquired dimension of freedom unleashed the imagination of the pfojeot team and 
ot osoHoscope users. Proposals for digital calibration, aulomatsc balance adfustmenl 
and automatic setup of controls originated from France nod6. Ralph Eschentiach, Pete 
Lindes. and Tom Homak 

The need lor closer coordination in view of the approaching transfer of the project 
induced the Colorado Spnngs Division to name Stan Lang as the responsible project 
manager In !t\e ensuing year the ties between Ihe lafaQratory and the division 
strenglbened through the goodwilf of Stan and his team AHer a visal by m Risley if 
became clear thai the labs roJe in the project was quickly neanng its end A few months 
later the proieoE was transferred. 



The Design and Development of the 1980AiB at Colorado Springs 



by William B. Risley 

Cotorado Springs Division 



After the ^flSCiAB Oscilloscope Meaistiremieni System was fran^fen'etf to Colorado 
Springs, a substantial learn was assembled lo complete ihe design eflorta. Wait Fischer, 
wno ts notfn marketing mariager of HP s Colorado Telecammunications Division was tf^e 
'R&D secljon manager with Tom Boh ley. Stan Lang, and the author as project managers. 
Tom was responsible for Ihe overall circuit design anc! packaging, ar^d Stan handled tfre 
system design f^^y group was responsible for the proce-^sor system and firmware The 
programmable attenuator was contributed by Russ Harding. Wilheim Taylor, and John 
Wilson Eldon Comish contributed the preamplifier and venical output stage, ana Marvin 
Estes helped support Ihe vertical system design and developed probes. Roy Whe^eler 
COmpEeted Ehedigrtai to-analog converter circuits and hybnd arnd designed the gate and 
hign-voltage puw^r supply Ross Hardmg. Jim Umphrey, Eldon Cprnish. Monle 
Carnpbelf, and Dennfs Weiier ail contributed to the trigger and lime baise. Paul Austgen. 
Dick TabOult. Bob Landgraf Ball Walry, Mike Karsn, and Fred Rampey developed the 
processor system and firmware. 

Tha paiAsge. front panels, and nuriwrous parts were des^ned by John CaifTpbell, 



Carolyn Finch, Jim Garner. Ernie Hastings, and Wilhelm Taylor Tom Sohley and Jim 
Felps developed the power supply, and Don Skarke and Joe Millard worked out the 
Itietmal management for the prodtiCl Mearlheendofthe project. Ed EveJ, Ken Rush, and 
At Best helped resolve system problems resulting from j^julting a noisy processor into a 
highly sensitive knstrumenl. 

Ray Kushnjr, Don Smith, Roy Wheeler, Tom Bohley, Ron Westlund, Chuck Snian. and 
Larry Gammiil all provided Significant refinements and guidance in Ihe transler of tte 
1380AB to production. Btll Ford Jotinnie Hancock, and Rod Schlale* also contributed 
the«r skills to tfie iransfer of ihe product to manufactunng. Jim Wiihams was the industrial 
designer and was assisted by Don Henry and Mike Easter. 

There were many others without whom Ihe project could not have been eompletecl 
Among these were Ihe persistent engineers in the IC tacililies at the Cokjrado Spnn^s, 
Loveiand, and Santa Claira Divtsions. those m pnnted arcuit design and labrication it^ 
Goksrado Springs, and Loveiand, aind the process and production engineers who had lo 
leani how to build the novef front panels and aftenuators. 
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Digital Waveform Storage for the 
Oscilloscope Measurement System 



by Eddie A. Eve! and Robert M. Landgraf 



WITH THE ADDITION of digital iva\'eform stor- 
age, the 1960A B Oscilloscope Measure meat 
System, which on its omi is fully programmable, 
can be operated completely through a controller without 
human interaction. With the basic l*^8f)A,'B. data can be 
acquired using the continuously variable trigger teveL trig- 
ger flag, and HP-IB controller software. However, this data 
cannot be displayed on the CRT screen. With the t9BB(JA 
DigJlal Waveform Storage OiJtion, digitized data can be 
displayed on the CRT and sent to a computer for analysis, 
and waveform data created by the computer can be dis- 
played on the CRT. Although the 1980A.B's trigger flag 
used with external software can digitize waveforms, addi- 
tional software is not needed with the l^BtitlA, 

The 193fiOA Digital Waveform Storage Option increases 
the overall usefulness of the iSBOAuB by digitizing one or 
two displayed waveforms and storing them within the in- 
strument for later display or for data output on the HP-ILi 
With this feature the I'JSOA B can contribute to fully au- 
tomatic applications. The HP- IB system control!er can au- 
tomatically analyse the digitized waveform data and per- 
form go,'no-go testis on complex signal waveforms, Butomat- 
ically adjust the device being te.sted, or instruct the 
operator The 1^860 A lets the bench user store waveforms 
for future reference and obtain data output for bench appli- 
cations. In addition to nutputting data to a calculator or 
computer, the lyBtiOA can output data directly in a plotter 
to obtain hard copy without the aid of a controller. Low- 
repetition- rate data or in some cases slngle-shtit data that 
nomTally cannot be observed on a conventional oscillo- 
scope can be digitized and displayed. 




1980A/B-19860A Interaction 

The 19acnA hardware is designed to use and enhance ihe 
capabilities and features of the basic instrument. For exam- 
ple, since the UJHfiOA digitizes waveforms on the T98tlA B's 
CRT screen, it uses all signal conditioning done by the 
lysoAB.such as ampHfication. bandwidth lunit. position- 
ing, and channel switching. Also, the 19860 A use^ the 
delay sweep timing circuitry within the 19B0A'B sweep 
f;ircuitry as the time base for the digitizing operation. The 
iOBOA B's microprocessor controls the digitizing operation 
and does- the data scaling and data Input/output, 

The digitizer option consists of a sample-and-hold cir- 
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Fig* 1. 1980AiB option menu panel with t9B60A Waveform 
Storage ofition mstaifed. 



Fig, 2. fa J Waveform storage menu, fb) Ctirsors posihonecj 
on digstfzed waveforms with time and voltage differences 
d^sp/ayed. 
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cuit, an analog-to-ciigital converter (ADC), data storage and 
display memory, two display digital-to-analog converters 
(DACs), and control logic. Fig. 2 illuslnites how tlie iQSfiOA 
digitizer is integrated into tlie IBBUAH system, 

^rhe ig^GOA expands the iy8UAB through two plug-in 
cards internal to the mainfraine. One of the cards contains 
2K of ROM and lKxl2 bits of data display RAM. An addi- 
tional BK of FiOM uses two feature-ROM slots in the main- 
frame, and Jii4 more bytes of i 98tJA'U system RAM is avail^ 
able to tlie two occupied feature-ROM slots. 

The 80fl5 system microprocessor executes restart com- 
mands that link the expansion blucks to I fie mainframe 
fun cl ions, which are shared. The restart command fullo^ved 
by a tabic number allows an effective subroutine jump to a 
specific, table- defined subroutine. The restart command 
links the mainframe to the expansion module, feature 
ROMs, and internal expansion cards and allows interluck- 
i n g t h e rotary con ti'o 1 . CI ea n u p ro u t i n es resulting fro ni key 
execution also connect with the expansion blocks. The in- 
formation required to keep track of w^h ether the signal 
source requires repetitive or real-time sampling is handled 
through the restart sy.stem as the instrument settings are 
changed. The expansion cards and expansion module each 
have different restart codes. Before the subroutEne is read, 
an existence check is made to determine if the particular 
expansion block is contained in the instrument. If not. an 
immediate return is executed. (Also see page 21 for a dis- 
cussion of mainframe/option interaction^ 

As shown in Fig. 3, an incoming signal goes through the 
vertical preamplifier, the delay line, and the vertical output 
amplifier to the CRT. At the same lime, the sii^nal is sent to 



the trigger circuit. A trigger is generated and used by the 
horizontal sweep circuit to initiate a sweep ramp. This goes 
through the horizontal output amplifier to sw^eep the beam 
across the CRT, thus generating the real-time trace* 

As the first step in the digitizing operation, the instru- 
ment checks for a valid, digitizabie signal and for a valid 
operating mode. Invalid modes include the dual horizontal 
mode, which displays both main and delayed sweeps, and 
the digital delay and trigger delay modes. Advisory mes- 
sages indicating invalid modes are display ed, thus 
eliminating the need to refer to an operating manual for the 
meaning of error codes. 

At the start of the digitizing routine, the microprocessor 
shuts down the interrupt system and terminates the charac- 
ter display so that only the signal source to be digitized is 
displayed during the storage operation. 

During a digitize operation, the signal out of the vertical 
output amplifier is also fed to the sample-and-hold circuit. 
At the appropriate time, the sample timing signal is issued 
by the horizontal sweep circuit. This causes the sample- 
and-hold circuit to take a sample. Then an A-to-D conver- 
sion is done and the data is loaded into the data storage and 
display memory. Once the microprocessor senses that the 
data point has been loaded into memory, it programs the 
horizontal sw^eep for a new' sample time. Then the sample- 
and- load-memory cycle is repeated until as many as 501 
data points on the waveform are stored into memory. Later. 
the data may be displayed back on the CRT using the X and 
Y display DACs. The DAC outputs are multiplexed onto the 
CRT during the character generator display cycle. 

Data is sampled at the output of the CRT driver to allow a 
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Fig. 3- Block diagram of the 1986QA Waveform Storage Opt!on for tfie 1980AIB Ososlloscope 
Measurement System. The option digitizes one or two displayed waveforms and stores the data 

for later display or output on the HP4B (IEEE-4B&). 
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frequency response equi^^alent to the CRT dispiay. Indi- 
liduaily acquired digitized signals are stored in one of two 
local data memaries. Each memon- contains 501 xi2 bits, 
each 12-bit data word consisting of 10 bits of data, one bit 
for display blanking control and one bit that is not used. 
Status of the digital storage operation is reported over the 
HP-IB, The report includes completion of a digiti7;ing oper- 
ation, information equivalent to the CRT-displayed ad- 
visories, and informaUon regarding the possible clipping of 
a signal positioned partially off screen. Thus, the informa- 
tion seen on tbe CRT is available to a computer for complete 
automation. 

Repetitive and Single-Sweep Sampling 

At tiie taster sweep speeds, llie iyy6(JA uses a repetitive 
sampling technique in ivhich the signal to be digitized is 
sampled at different times during successive occurrences of 
the signal. Two sweeps per stored data point are used. The 
specific sampUng times are determined by the sweep speed 
setting of the 1980/VB and the number of points selected to 
be digitized. The signal is sampled at each point by the 
narrow aperture of the saniple-and-hold circuit, then an 
ynalog-lo-digilal conversion is made, and dala is loaded 
into the memory^ This method enables the ItJOfiOA lo obtain 
ten-bit data on very fast signals [up to ItlO MHz\ while using 
a low- cost* low- power- consumption ADC. It also allows 
time resolution dow^n to 100 ps between data points. 

At sweep speeds slower than 1 msdiv, tiie minimum time 
between data points is greater than 20 /as (determined by the 
maximum 501 points for ten divisions of horizontal dis- 
play). This allows the IBBfiOA to switch aver automatically 
tn a suigle-shot mode. In this mode, the 198tiOA starts sam- 
pling tfie signal when the UIBOA/B is triggered, and up to 
501 data points are taken on one occurrence of the signal. 
This modD operates like the repetitive mode, except that a 
programmable coimter is started when the sample timing 
signal occurs (lig. 4). The microprocessor programs the 
counter to count dtnvn starting from the valtie of the next 
time increment between data points. Each time the counter 
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reaches zero, a sample is taken. The resull is that the timing 
signal takes the first sample and starts the counter, which 
takes all successive samples on one occurrence of the 
waveform. 

Compared to a *' flash" ADC. tbjs method is much sim- 
pler, uses less power, and is a proven design. U requires less 
hardware and is cheaper lo implement- For repetitive sig- 
nals, it offers much higher bandwidth and much better 
timing resolution than a Oash converter. 

Sample Timing 

The basis of the sample liming system b tbe micropro- 
cessor-controlled sweep timing circuit. The sample timing 
signal is generated through the osctlloscopfe's delayed 
sw&ep mode. An oscilloscope normally uses the delayed 
sweejj mode to generate a sweep that begins some variable 
time after the main sweep is triggered and started. The user 
selects the delay time to obser\'e part of a waveform on a 
faster delayed sweep speed. Fig. 4 show^s the sequence of 
events. 

First, the trigger circuit operates on the Input signal to 
generate a trigger based on a transition of the input signal, 
such as a positive-going step. The trigger causes the main 
sweep ramp to start sweeping across the CRT to display the 
waveform- A delay is also initiated. At the end of the delay, 
the delayed sweep ramp Is started. Either the main sweep 
ramp or the delayed sweep ramp is gated to the horii^ontal 
output amplifier to generate the horizontal sweep at the 
CRT. The delayed sweep causes the CRT beam to sweep 
across ihe CRT tit a different rate from the main sweep, thus 
prodLu:ing an expanded display of a portion ot the Input 
signal- 

In addition to starting the delayed sweep at I he end of tbe 
selected delay, thesampletimingsignal is generated. If the 
sampler is enabled, a sample is taken. To take sample.s at 
different points on the waveform, the microprocessor need 
only |>rogram different delay times. The microprocessor 
calculiites the desired time between sample points and in- 
crements the delay generator time by !bat amount as eacfi 
sample is taken on the waveform. When the desired sam- 
ples luive been taken and loaded into the memory, the 
microprocessor relurns the delay setting to its original 
value. 

The delay generator uses a combination of analog and 
digital circuits to obtain a very accurate delay time. For 
delay increments between and 1011 ns. an analog deJay 
circuit is used. For delay increments greater than 100 ns, a 
counter and a cr>'slal oscillator are used to achieve high 
accuracy. I Islng this system to generate the sample timing 
signal Increases the timing accuracy of the digitized data 
over that of the real-time CRT dispiay, which is generated 
by an analog sweep ranif) circuit. 
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Fig. 4. Timing for sampling a waveform to be digttized is 
generated using the l980AiB's sweep delay 



Defining the Digitized Window 

1 ri 1 1 1 e vert i ca I ax is , a ny part of tbe tra ce t h at is \\ i 1 1 1 i ri the 
CRT graticule will be digilix:ed. In tlu^ fiorizonlal axis, ten 
divisions are digitized extept when thi^ I^JHtJA'B is in tlie 
intensified sweep mode. In this case, data is taken on the 
part t)f tlie waveform where the intensified marker appears, 
bill the data taken is always redisjilayed over ten horizontal 
divisions on the CRT. 
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Fig. 5. in intensified sweep mode, the digittzer samples the 
waveform dunng the mterssified window, then dispfays this 
data over ten horizontal divisions. 

The sweep mnde tliat is in eii^cl when ihe digiUze com- 
mand Is given determines the time window tn he digitized. 
There are three |)ossible mndes: main, delayed, and inten- 
sified. In main sweep mode, the microprocessor uses the 
main sweep time per division tn calculate the time incre- 
ment needed to nbtain the df^sired numher of points across 
ten divEKifins of main svveej), The delyy is set to zero far the 
first point and then incremented lor eacli successive point 
unlit ail [joints are taken, 

In ihc intensified sweep mode, the sweep is done by the 
main swe^p nimp, but the deh^yed sweep ramp intensifies 
the trace. Tliis define^i liie region I hat will he viewed when 
the nscillnscope i.s svvilciied to delayed sw^eep. The inten- 
sified marker also defines the pcjrlion of I he waveform to he 
digitized. The marker length is determined by the delayed 
sweep time per division and is used when calcelating the 
digitizer time i ricrement. After taking the desired number of 
points during the intensified window, the digitizer then 
displays this data over ten horizontal divisions as shown in 
Fig, 5» The first digitized point is taken at an initial delay 
determined by the Dscilloscope settings, and dien the delay 
is incremented for successive points. In delayed sweep 
mode, the real-time trace is expanded on the screen around 
the portion of the waveform defined in the intensified 
mode. The delayed digitizing o(ieration is identical to the 



inl ens died digitizing operation. 

Display Cycle 

Once data from a vvat'^eform is stored in the memor3^ it 
may be displayed on the CKT with or without the real-time 
waveform display. To do this, the microprocessor initiates a 
digitizer display cycle each time the character display is 
refreshed, a[jp[Oxiniately every 15 ms. The digitized trace, 
the characters, and the real-time trace are all displayed hy 
time-multiplexing the CRT beam. The characters are dis- 
jjlfived by using a ra^ster scan of the CRT and modulating the 
beam on and off. The digitized data Is displayed during the 
vertical reset cycle of the raster scan, Uuring the raster scan 
when characters are not displayed, the real-time trace is 
multiplexed onto the CRT and displayed (Fig. fi]. Real-time 
trace timing normally is asynchninous with the character 
disfjlay cycle; therefore, the missing segments of the real- 
time tiace usually are not noticeable. 

Cliaracter generator data display is under direct- 
memory-access (t}MA) c;ontroL At the beginning of the last 
line of text display. DMA is completed. Through raicro- 
processor interrupt, a request i.s made to reprogram the 
DMA channel. Before DMA reprogramming, the character 
generator interrupt service routine checks for tlie existence 
of the digitizer and a digitized data display request. Digi- 
tized data display occurs under HMA control with either 
one or two sections of the digitizer memory read tor display < 
Immediately preceding dala display, the intensity value of 
the digitized data display is sent to the intensity DAG. 
wliich is shared hy the character generator and the digitizer 
display, Alter f I is pi ay. all modified values are restored, and 
reprogrammlng the DMA channel lor character generator 
control continues. 

How the Sample-and-Hold Circuit Works 

The 198fJAB's sample-and-tiold circuit, common to IIP 
sampling oscilloscopes such as the 18 10 A, has a 30n-MHz 
bandwidth, which prevents the digitizer from degrading 
Ihe inO-Milz haodwitith of the 19a{)A.'B system. 

The circuit consists of a four-diode sampling gate, a hold- 
ing capacitor, and a special circuit called a stretcher circuit 
i Klg. 7). The input signal is sampled by switching the four- 
diode sampling gate on for 1 ns. as shown in waveform 1 of 
Fig. 7. The holding capacitor is charged I o about lfJ% of the 
voltage appearing at the input of the sampling gate: this is 
the initial transient of waveform 2. The voltage transient 
appearing across the holding capacitor is amplified and 
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stretched by pulse-shaping circuitry in the stretcher 

amplifier. The resulling IrarLsient %'oltage. waveform 3* is 
gated to an operational-amplifier tnlegrator circuit by turn- 
ing on the PET \%ith a pulse, as shoivn in waveform 4. The 
resuhing waveform out of the integrator is shown by 
waveform 5. This voltage is fed back to the holding 
capacitor, which is charged to a new level which is the^same 
as the momentary input voltage when the sample was 
taken. The voltage is held at a constant level by the inte- 
grator until the next sample is taken, 

t'^or the second sample, it the applied input voltage is the 
same as when the first sample was taken, there is no voltage 
transient on the holding capacitor and no change in the 
output of the integrator- However, if the integrator voltage 
resulting from the first sample was slightly erroneous, a 
transient across the holding capacitor results. This trans- 
ient is proportional to the difference between the true input 
volta^je and the incorrect voltage resulting from the first 
sample. The transient is processed through the stretcher 
circuit so that the integrator outpLiI charges towards the 
correct value. Any error between the input voltage and the 
integrator output voltage is quickly nulled out after a few 
samples. 

[( the input waveform is changing, any error ts propor- 
t tonal only to the voltage difference between one sample 
and the next. Typically, the error is less than J% of the 
voltage change between sample points, resulting in ex- 
tremely accurate data as long as enough sampli^s are taken 
on a transient input waveform. 

Since the Inur-diode gate is switched on for rmly I ns. the 
resulting aperture time is I ns. giving a bandwidth well 
above 3(K) MHz. 



AutocdiibratJon 

To improve stability and accuracy and eliminate the need 
for periodic calibralion of the sample-and-hold circuit and 
the ADC. the microprocessor automatically calibrates the 
sample-and-bold and ADC ciriE:uils each time data is taken 
on a waveform. The calibration consists of using the display 
DACs. which are relatively stable, to position the CRT beam 
at various locations on the CRT in tile vertical axis. Data 
samples are taken by the sample-and-bold circuit and the 
ADC and compared to the expected value. This information 
is used to generate gain and offset correction factors that are 
stored and later used to correct data taken on the real-time 
waveform, Autocalibration normally is done each time the 
digitize operation is initiated, before actual data is taken on 
the waveform. To improve accuracy, different correction 
factors are obtained for different segments of the scTeen. 
This calibrates out minor S3'stem distortions. 

Since calibration uses most of the hardware and 
firmware. It doubles as a confidence test. If any hardware is 
not operational or manual calibration is severely out of 
bounds, the UJHauA's automatic calibration routinen can 
detect the problem and display advisories. 

An efficiency DAC controls the gain of the fast sample- 
and-hold circuit used with the sampling bridge. The 
sample-and-hold circuit is calibrated so that it converges to 
a final value in one sample interval for a given signal. To 
calibrate the sampling efficiency automatically, a known 
transition must be established and digitized. The digitizer 
display DAC] provides this transition because it is extremely 
stable and is manually calibrated to the CRT screen during 
initial setup. 

The firmware uses a successive approximation routine 
[binary convergence) divided into two operation modes for 
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nptimum speed and accuracy during calibration. In the first 
mode, data averaging is pBrt'ormed only to determine the 
proper value of convergence: in the second modet averag- 
ing is used to reduce the effects of noise. For a dali^ transi- 
tion of eight divisiojis, a point is displayed at -4 divi.sions 
and is sampled six tinies> This ensures that even with low 
gain and low DAG values, the -4 starting point will puUtlie 
amplifier out of saturation and will give a value representa- 
tive of a point on-screen. Next, a potnl is displayed at -^4 
divisions. After it is sampled once, it Is sampled twenty 
times more with the last sixteen sample values averaged to 
get a convergence or reference value. The initial value is 
compared to the averaged value, and the efficiency DAC is 
adjusled for the next iteration. When the difference ap- 
proaches [he digitizer noise level, tlie averaging mode is 
selected. The eight-di\nsion transition between -4 and +4 
and the first sample acquisition at +4 are repeated IB times. 
The 16 values are averaged tu reduce the effects of noise 
before comparison to the reference value. Failure to con- 
verge to a t^C value between 1 and 255 results in an error. 
The DAC is set by outputting eight bits to an I/O port in a 
cum hi nation 2K ROM and I'D chip. As an additional confi- 
dence test, tlie 1/0 port is read to verify that the I'O chip is 
operating. 

In the second part of automatic calibration, the correcting 
factors to be used during the display of digitized data are 
determined. A data value h corrected for display at the 
location where the original signal point was sampled. To 
accomplish this display correction, the CRT screen is di- 
vided into three sections. This is necessary because, while 
the center four divisions [between locations 2S6 and 76 H} 
are ver\^ linear, amplifier compression causes some distor- 
tion in the upper and lower two divisions. Display locations 
are sampled at display DAClocations 1 28. 256, 76S, and 096 
wnth 64 samples averaged for each location, Data is then 
forced to fit an equation of I he form y~ax+b. To correct 
displayed data, a table of correction factors is generated that 
specifies correction factors for all 1024 possilile values of 
the 10-bit DAC output. This correction table exists primar- 
ily in the character generator RAM and partially in the 
instrument feature RAM space. Because the character 
generator shuts down during the digitiy:ing process, the 
buffer RAM is used as a scratchpad RAM. Checks are made 
to determine if the maximum correction of any point on 
screen is out of bounds and if the portion of the CRT screen 
between +-1.^ and -4.5 divisions caa be digitiy,ed. 
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Putting the Measurement System 
on the Bus 

by Michael J. Karin 



SINCE THE .\DVENT OF HP-IB-controlled iostru- 
ments m the early 1970s, many in dun tries have 
used them to asseaibie aiitomatic and semiauto- 
matic test systems.* Sources, voltmeters, and counteni were 
the first instruments ''put on the hus." and spectrum 
analyzers, network aiialyzers, power supplies, logic 
analyzers, and display devices soon followed- Until the 
1980A B Oscilloscope Measurement System was intro- 
duced, however. aJl automatic test systems lacked bus- 
controlled oscilloscopes. Integrating a microprocessor and 
an HP-IB interface into the control section of tjie 1980A/B 
transformed a conventional benchtop instrument into a 
measurement system. 

By programming the 1980A.B from an external cfmlrnlter 
via the HP-IB, a test system designer can establish front- 
panel settings, communicate test procedures through the 
CRT display* and gel measurement results from the 
19fiOA'B back to the controller. Test procedures can be 
displayed step by step fur the operator, thereby simplifying 
complex tests. 

The 198DA/B has an 8085 microprocessor to control thB 
analog signal path. This is a radical departure from the 
knobs and pushbuttons of other oscilloscopes, luinctions 
and features of the front panel are not limited by the cir- 
cuitry behind them but only by the ingenuity of the software 
designer. The microprocessor receives information From 
the front panel as well as from other sources, such as the 
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Fig. 1. Block diagram of the HP-fB (nterface 



HP-IB inlerface. 

Hardware Implementation and Electrical Interlace 

The lyatJA B's HP-IB printed circuit board has only five 
integrated circuits. There is a 4Kx8 NMOS ROM, a bus 
interiace IC. two interface transceiver ICs, and an inverter 
IC, 

The ROM contains all the parsing, talking, interrupt ser- 
vice, and Litility routines unique to the HP-IB. The bus 
interface IC implements all of the IEEE 488 interface func- 
tions except the controiier function. The bidirectional bus 
transceivers provide the electrical interface between the 
interface IC and the HP- IB connector on the rear panel of the 
1980A'B. The hex op en-co Hector inverter buffers several 
signals from the bus interface IC to the rest of the 1980A/B. 
Fig. 1 ts a block diagram of the flP-IB interface. 

The electrical interface to the processor consists of 12 bits 
of address, ei^ht bits of data, chip selects for memory and 
t/0. read and write control lines, an interrupt line to the 
processor, a trigger line that goes to the expansion module 
and the waveform storaget +5 volts and ground. There is 
also a reset line from the processor hoard that is active 
during power- up. This line is not used by tlie HP- IB but is 
available for Future interfaces- 
Address solecHon is done via a menu on the CRT display. 
This same menu allows selection of listen-only and talk- 
only operation as well as the standard addressed mode. 

Fitting the Interface into the Firmware System 

Allhiuigb the I IP-IB interlace if> standard In the 1980A/B. 
it relates to rest of the instninient like an option. This places 
some constraints on the HP-IB code, because options must 
be *' removable." 

Because it is designed as an option, making the HP-tB 
interface work with the firmwarti system is similar to mak- 
ing a plug-in e)cpansiun module or digital waveform storage 
work with the firmware system. There are times during an 
opera lion sequence when thfi option nr^eds lo take control. 
Putting a simple CJKLL instriiclioo to the option in the code 
Is insufficient because the option may not be installed. 

The problem of determining whether the option is pres- 
(mt and calling it was solved by using the 8085's RST in- 
struct itm. The restart instruction is a one-byte instruction 
similar to a CALL [subroutine call) instruct ion. except that it 
branches to one of only eight locations in memory, Three 
restarts were defined fnr the three HMUlA/B hardware op- 
tions: RST 1 for the expansion module. KST 2 for tiie HP-IB, 
and KST 3 for waveform storage, A numeric parLim^ter fol- 
lows each restart instruction. This parameter is used as a 
pointer into a dispatch table near the beginning of each 
{option's firenware. Tlie desti nation of the restart instruction 
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passes another parameter to a routine called the restart 
handler. This second parameter specifies the hardware op- 
tion desired. 

The res I art handler checks to see \v bet her the desired 
option is present. If it is not, the restart handler returns to 
the routine where the restart originated. If the desired op- 
tion is present, the pointer parameter is used to di.*ipatch lo 
the required routine in the option. For example. RST 2 OCT 2 
calls the routine specified by the third location in the dis- 
patch table located near the beginning of the HP-IB ROM 
[the table starts with location 0). RST 2 OCT 2 is executed 
during the 1980A'B main loop- This entry lets the HP- IB 
take control of t:he 19BUA/B if the I IF- IB controllGr sends a 
message or if the controller wants the IQBOA/B to talk. 

The entries in the dispatch table are as follows (these 
restart links are general-purpose and apply to all interface 
types): 

tl Initialize at power- up 

1 Entry for softkey menus 

2 Main parse and talk entry 

3 Service request invocation 

4 interrupt service 

5 Return to local. 

Another link table located just after this dispatch table is 
included so that features such as the plug- in can reach the 
bus withoul having to duplicate the HP-IB code. These links 
help the HP-IB ROM lake care of the housekeeping neces- 
sary to run the bus activities properly. 

Controlling the 1980A/B Hardware 

Control uf the hardware falls into three major 
categories — -control of rotary control functions* control of 
state functions, and control through key closure. 

An area of the i9B(]A/IVs nonvolatile RAM contains the 
information that describes the mainframe's condition. By 
modifying specific RAM locations and calling the proper 
setup routines, the HP-IB can change the state of the 
1980A;B hardware. 

For the rotary control functions, the HP-IB places the 
desired value [e.g,. a sweep speed) in the RAM locations 
that describe the function to be changed- A dispatch routine 
located in the mainframe is called and selects the rotary 
control slew routine for the selected function. In this case 
the HP- IB sets a status flag that tells the slew routine not to 
monitor the rotary control hut to set up the lySOAB accord- 
ing to the value in RAM and return to the f IP-IB. 

Control of state functions is simitar. The RA.M is modified 
to reflect the new state, and mainframe routines are called to 
handle the desired functions. The major difference is that 



Fig, 2. HP-IB status byte and ser- 

vfce request mask. Seven 
1980AIB conditions generate 
HP-tB service requests: they are 
individuaify maskable. 



new staie changes are not output to the hardware im- 
mediately, as for rotary control functions. State function 
changes set a flag that determines the hardware setup 
necessary, and these flags are collected until a line feed is 
detected in the incoming message. At that time, the proper 
hardware output routines are called. This eliminates multi- 
ple calls to the hardware out ])ut roiitinEis wiien a command 
message changes more than one system state. It also in- 
creases programming speed. 

For key closure control the HP-IB simulates the opera- 
tion of thefront panel and makes the 1980A/B perform as if a 
front- panel key had been pressed, This is a hecondary mode 
of programming and is included so that menus can be 
accessed from the HP-IB. The programmer can do almost all 
remote programming via key closure, but this type of pro- 
gramming w^on't run as fast as direct programming. 

Interface Operation 

Listening on the HP- IB is done under a simulated inter- 
rupt system. Rather than have each incoming character 
generate an interrupt, the firsT character generates the inter- 
rupt and the rest of the tnessage is received by polling the 
HP-IB talker-listener IC. As long as characters come 
quickly, the B0B[5 microprocessor remains in the interrupt 
service routine. If the characters don't come quickly 
enough, as in the case of a slow controller. Ihe Interrupt 
service routine saves its state and returns. When the next 
character comes in, another interrupt is generated and the 
interrupt service routine continues ivhere it left off. 

Characters are placed in a buffer as they are received. 
When a line feed is received, remote- local status and buffer 
overflow are checked. If everything checks out. a flag is set 
so that the next time the HP- IB is polled from the 1980A/B 
main loop, the command in the buffer will be parsed and 
executed. Commands are executed by polling from the 
main loop so ihat the HP- IB does not make any changes 
while the lOBGAB is doing something else, such as an 
Autoscope. 

Talking, like command execution, is done by polling 
from the main loop. When polled, the HP-IB code checks lo 
see if the I9HrjA B is addressed to talk. If so, the HP-IB 
verifies that M has been told what to say by a previously 
executed output command and outputs the proper informa- 
ticm. The HP-IB interface must always he to id what to say 
before il is asked to say it. An unspecified request to talk 
results in the output of E CRLP, 

Th ere are seven conditions that generate servl ce requ ests , 
and they are individuaily maskable (see Fig. 2). When all 
conditions are masked, a single byte is available during a 
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Fig. 3. J980AIB HP-IB Instfuction set, 

serial poll that indicates which conditioris have occurred 
since tht» b tat us byte was last ck?ared. 

When one or more conditions are un masked ^ as many as 
nine separate service requests can be queued in a status byte 
stack. The stack is organized as a J'lI'O (t'irsl-tn. first-out] 
memory and is read by serially polling the 19B0A/B, If more 
than nine service requests are generated before a serial poll, 
the stack w 111 contain the status byte for the first eight and 
the last service requests. The status^ byte and the stack are 
initialixed and cleared at power- up, when a new mask is 
specified, and when the HP-IB address mode menu is 
selected. 

The UJHOA/B implements the complete remote-local state 
diagram of IEEE 4BtJ. This means that remote and local 
modes^ with and without local lockout, are available. When 
the 198UA.'B makes a locaUto- remote transition, the trt>nl- 
panel keys are disabled and thectjutrnl knob is put in HDIJlv 
The controller can re-enable cnntrul knob luuctiuns as de- 
sired and the user can write programs to enable particular 
keys. The controlltfr may redefine these keys, since keys 
pressed while in REMOTE signal tlie controller but do not 



Fig. 4. The i9S0AB's trigger (fag iets the user write custom 

routines ttke this one for an HP 9825A Desktop Computer The 
routine simulates part of the IQBOAfB's Autoscope algorithm. 
Unes 5-B Preset the 1980, set trigger flag to latch on mam 

trigger event and wait 40 ms for trigger 8-9: Format state- 
ments for channel / vertical sensitivity and main trigger level ^ 
W: Set semitfvtty mantissa and exponent and mam tngger 
level 12-21 Set sensitivity . least senstttve range ftrst. If no 
signal is found on a rar^ge. swap the trigger level sign If signal 
is still no! found, go to next sensitive range. Lme21 takes care 
of special case on most sensftrve range. When signal is found, 
go to line 29 with proper range set. 23-27 Display 'No Signal 
Found " 29-37 Decrease sensitivity by mcreasmg mantissa's 
mos t signtfican t dt git until signa f is fos t If s ignal is lost, cha nge 
sign of tngger level and try again 38-39. When signal is lost, 
swap the Ingger level and set the mantissa back to where the 
signal was last found. 41-46: Decrease sensitivity by mcreas- 
tng mantissa's middle digit until stgnal is lost. 47-48 Decrease 
mantissa middle digst to where signal was last found 50^55: 
Turn the character generator back on and put the 1980 AfB m 
LOCAL. End of Find Vertical. 58-62: Signal subroutine arms the 
sweep and returns wfth a tnggered or no-triggered flag m 
vartable 'A'. 64-66 Trigger level swap changes the sign of the 
mam trigger level. 
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cause cxecutfon of the fLinctiun. The crnitrQlier can decide 
how to act when a key Is prtiKSL^ and can issue the appro- 
priate commands to ihe 19BUA/B. 

Instruction Set 

rho rfi^-Iii instruction set. outlined in Fig. 3, compleldy 
controls all tront-panel features and supplies access to the 
waveform storage, expansion module, and feature ROMs. It 
also controls the trigger flag, w^hich is not directly accessi- 
ble from the fron! panel. 

The trigger flag is a feedback line from the analog 
hardware to the 80 B5 microprocesson Simply stated, the 
trigger flag lets the microprocessor know If a trigger event 
occurrerl during the delayed sweep time. The l^IiOA H 
mainfTamc uses I he trigger flag to implement the Autoficope 
algorithm. The HP-IB user has access to the trigger flag vvilh 
the TK, SW, and SG commands. The trigger flag lets the 
HP- IB user UTite custom AUTO routines. Fig- 4 is a 9B2SA 
Computer/Controller listing of a routine that simulates tlie 
vertical find section of A otoscope. 

Control of Plug-in Options 

The plug- in expansion module, waveform storage, and 
feature ROM.s do their own instruction parsing, instruction 
execution, and talking. If a P is detected in the command 
string, the HP-IB restarts to the expansion module so that 
the module can decode the rest of the message- The expan- 
sion module can use HP-IB parsing subroutines to decode 
messages it may receive. If I lie controller wants the expan- 
sion module to talk on the bus, the module sets a flag in 
RAM that tells the HP- IB to restart to the module the next 



time the 19aOA/B is addressed to talk. The module then uses 
the HP- IB talk capahi titles to put its message on the bus. 
The IJG command for the waveform storage option and 
the Q command for the feature ROMs operate like the P 
command. 
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Mechanical Design of the Oscilloscope 
Measurement System 



by John W. Campbell 



THE MECHANICAL i:)ESlCN of the 19fiOA,B Oscillo- 
scope Measurement System contributed to the cir- 
cuit development and pf3rtormance as welt as ta the 
producibility. serviceability, and versetility ottlie product. 
Median! [.:<il design in the electronics industry is often 
focused on such parameters as thermal [JerVormance. circuit 
area, volume and support, cost control, and the develop- 
ment of special functions. Often, designing around the cir- 
cuits is the main thrust of a design. 

The 19^J0A B product definition presented particularly 
difficult design challenges. To meet them meant approach- 
ing the task of mechanical design from a different angle and 
with a different basis. Because of the digital 'ana log com- 
plexity of the product, mechanical design became an im- 
portant foundation for the circuit development process. 



Rack and Stack Configurations 
It was determined that the product would be developed 

in two configurations: a 425xi33-mm rack version for sys- 
tem applications and a 213x267-mm bench style (Fig. 1), 
The primary design objective was to make the two units as 
similar as possible — to strive to have one set of components 
for two models. This would minimize the development 
cycle required for two units. To meet this objective, two 
initial design goals were set; 

■ The circuits, internal interfaces, grounding, and cou- 
pling for the two models were to be as similar as possible. 

■ Because of circuit complexit3^ the products had to be 
simple to produce and service. 

The list of potential configurations for such a system was 
extensive. The first and most ohvious sotution was to build 



24 KEVVLETT- PACKARD JOURNAL SEPTEMBER 



)Copr. 1949-1998 Hewlett-Packard Co. 




Ffg, 1. Models 1960A (iek) ano 19B0B are designed to have 
as many components and boards in common as possibie. 

a top-and-Ieft module and a bottom-and-right module. 
There were, however, major draivbacks with this approach. 
The interfaces were not identicah circuit board size was 
restricted, and serviceability was severely impaired. The 
same problems, plus additional packaging costs, came up 
when a similar solution wBS considered. This approach 
used boxes of circuits: power supply, vertical, horizontal, 
and display. Ultimately, a modified modular approach on 
an appropriate level of implementation was decided upon 
(Fig, 2). 

Modular Approach 

The modular approach consists of modules small enough 
to effect the same interface and coupling interrelationships 
in both configurations. For example, the low-voltage- 
supply printed circuit board, filter capacitors, line trans- 
former, heat sink, and chassis-mounted rectifiers could not 
have had the same interface relationships in both units had 
these components been built into a power supply module. 
To make the common-relationships concept effective, it 
was necessary to consider not only board shape but circuit 
locations within the boundaries of the board. Aj; a result, all 
interconnecting cables, except for four non-signal -path ca- 
bles, are the same length. Four large circuit boards are the 
basic modules, providing a logical, comfortable, uncompJi- 
cated architecture. All the circuits are directly below the 
instrument covers, a feattJre that contributes significantly to 
the serviceability of the 19aOA/B. The circuit boards sur- 
round the CRT display, power supply transformer, filter 
capacitors, some supply chassis components, attenuators, 
and the enhancement mndole port. The CRT display as- 
sembly, vertical and trigger attenuators, four front panels, 
and rear-panel heat-sink/fan assembly are all modular. 
There is also a rear input'cmtput panel and battery module. 

The mechanical structure keeps interrelationships be- 
tween circuits electrically as similar as possible between 
the two configurations. For example, if a board has a deck 
under it in one model, it has one in the other model as well. 
In both configurationsH the enhancement module makes its 
sync line interconnection directly in the midst of the verti- 
cal and trigger circuits. In both configurations, the vertical 
deflection amplifier, part of one of l:lie lour big boards, has 
the same relationship to and distance from the CRT* but 



with a 90' plane change. 

Config uration-Controiled Interface 

Oniv one of the circuit hoards varies lietween the two 
models. To fit the different configurations, the interface 
boards could not be identical. Each interface board makes 
266 connections and is the power supply and processor bus 
distributor for ail the major boards. It is also the intercon- 
nection for the enhancement modules. Although it is buried 
in the instrument, it contains no components. But because it 
carries digital and analog lines, some development was 
necessary. Once established, the interrelationships of the 
digital, power supply, and signal lines are permanent. This 
would not have been possible if a laced cable, which would 
have required about 140 wires, had been used instead. The 
cable would have represented a constantly variable cou- 
pling situation. 

An Old Problem 

While tackling the new^ design problems of the 1980A/B. 
an attempt was made to solve an old problem as welL 
Traditionally. CRT mounting and graticule alignment me 
sore points during instrument assembly because of conOict- 
ing requirements. Providing a relatively stiff shock mount- 
ing in the front that can accommodate a range of faceplate 
glass sis^es can conflict with allowing for rotational adjust- 
ment of the glass for positioning the graticule squarely with 
the structure. 

Typically, a mounting system consists of elastomer pads 
or wraps applied to the supporting structure or the glass. 
When combined, the dimensional tolerances on the elas- 
tomer parts and glass sizes produce a mounting either too 
soft or too stiff to allow rotational adjustment. Even it rota- 
tional adjustment is possible, the CRT cannot be in equilib- 
rium and may snap back out of alignment by slipping in its 
rotational clamping device. To solve the mounting prob- 
lems and to avoid the awkward adjusting and tightening of 
devices within the instrument, the 19B0A'B approach in- 
eludes l:wo major departures from typical designs^ First, the 
CRT assembly, including front-end moimt, shield, tube, 
and shock mounting, is assembled and aligned outside the 








JB ..•R-v' 




Fig. 2. Moduiar design approach resuits In modules smatt 

enough to have the same mteriace and coupfmg reiationshfps 
in both conffguratjons Only one circuit board, the interface 
board, diffBrs between the two 1980AiB models. 
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Positional Centering Marker 




Alternmirtg Cog Feature 



Fig. 3. Injection- molded elBistomef bett for shock -mounting 
and aiignment of 1980 A '& CRT. 

instrument. Second, an injection-molded elastomer belt 
(Fig. 3) solved the shock-mounling and alignment prob- 
lems. The belt serves as a shock mount that adapts to differ- 
ent glass sizes. It does this via flexure of the belt within the 
areas of the alternating c:og features. It Is also a positive- 
displacement rotational adjustment device which leaves 
the CRT in rotational equilibrium regardless of adjustment 
position. The bell takes advantage of the curvature of the 
sides of the glass faceplate. As an illustration, a perfectly 
symmetrical tube with properly aUgned graticule is shown 



in Fig. 4a. With the belt centered on the glass> the graticule 
is aligned horizontally and vertically^ By rotating the belt in 
one direction (Fig. 4bJ. the glass is rotated in the opposite 
direction and remains tn Gquilthrium because the mounting 
cogs attempt to fill and then relieve the voids left by the 
gUss curvature on each side. 
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A High-Performance Bipolar 
Integrated Circuit Process 

Ion-implanted collector, base, and emitter regions in 
an oxide-isolated structure result in compact high- 
performance bipolar transistors with reduced power 
consumption for use in high-density integrated circuits, 

by Irene V, Pecenco and Albert S, Wang 



TODAY A NEED EXISTS within Hewlett- Packard for 
high-speed, high-density integrated nircuits that are 
easil_v designed and can be fabricated quickly. 
To supply this need> a new high- peri ormance bipolar pro- 
cess was developed at HP's IC Division in Santa Clara* Cali- 
fornia, Tlie process is capable of producing parts for high- 
speed amplifiers, counters, ana log-to- dig it a! convert- 
ers, and semi custom logic applications where emitter- 
coupled logic (EGL) circuitry is expected to perform al clock 
rates greater than 1.25 Gliz. Ln addition to speed and den- 
sit}^ another process objective was the reduction of power 
consumption by horizontally scaling doivn device size. 

Process consistency and manufacturing ease are also part 
of the development goals. The active portions of the transis- 
tor, that is, the emitter, base, and collector, are implanted to 
optimize performance yield and process control. The ad- 
vantages of dielectric isolation are fidly used to simplify 
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¥l§. 1* (a) Top (mask design iayout) and (b) cross- sectional 
(physical structure) VfBws of a typical bipolar transistor for the 
high-performance blpoiar proc^$$. 



fabrication> 

Since metallization holds the key lo the success of a 
bipolar process, both in densit\^ and yield, emphasis was 
placed upon developing a reliable multilevel metallization 
technique. Special attention was also given to the circuit 
iayont design rules so that any improvements in the 
technologies can be transferred directly to existing designs 
without having to lay out the circuit again. For example, a 
direct shrink of the chip size sliould be easily realized. 
Thus, a close association \vm sought between process and 
design-aid development so that a complete package can be 
offered to the user. 

Device Design 

With iidvances in process techniques such as dry etching 
and projection photolithography, significant reductions in 
device dimensions and metal linewidths can he achieved. 
These improvements not only increase the component 
packing density of an integrated circuit, but also enhance 
device performance. The general design goal of a high- 
performance bipolar npn transistor is to achieve sub- 
nanosecond gate delay and short access time. Some of the 
design features of MP's liigh-performance bipolar process 
can be summarized as follows (see Fig. 1): 
B Collector'epi: To minimize collector series resistance, a 
heavily implanted arsenic subcollector coupled with a 
col!ector-w<]ill connection is used. To further reduce 
series resistance and coHector transit time, a tliin, n-type 
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F ig . 3. ac bfas depen den ce o f bipolar de vsc e cha m ctens ties . 

epitaxial layer is gruwn just thick cnougii to sustain the 
reqoimcJ breakdown voltage- 

Isolation: Oxide isolation is ust^d for several reasons: 
higlier componenl p^tcking donsity, lower parasitic de- 
vice capacitant:e, and reduced ^lignmenl criticality for 
mask layers vvljere overlap onto the field oxide can occur, 
The thick isolation oxide, coupled wilii reduced metal 
linewidths, also reduces partisllic line capacitance. 
Base.'emitter: Kor high fj. a narrow boron- implanted 
base with a shalhnv arsenic- implanted emitter was de- 
veloped williout sacrificing yield. To reduce base resis- 
tance and operating power, a narrow (l,5-/jLmJ emitter is 
opened by 10:1 projection photolithugrapfiy. A base- 
Insert step is also added to minimize base contact resis- 
tance and extrinsi^c base resistance. 
Metallization: A composite layer of molybdenum and 
gold is used to allow reduced metal linewidths while 
retaining a high resistance to electromigration fa i lures, 
Miscellaneous devices: pop Iransistors can be fabricated 



Table I 

Typical SPICE Parameters for 

High-Performance Bipolar Process 

Parameter 

]^ (saturation current] =4x10"'^ 

/3p (forward beta] = 135 

Rb (base resistance) = 175 

Kp; (emitter contact resistance) = 7 

Vy (forward Early voltage) = 30 

C|g [emitter junction capacitance] = O.OB 

C^,. (conector junction capacitance) =0.19 

t| ilnrvvard transit time) = 19 



Units 

A 

n 
n 

V 
pF 
pF 
ps 



by using the relatively deep base-insert junction. 
Schottky diodes can be made by using the molybdenum 
metallization. Low-value resistors fabrtcatfxl by using 
the ba.'^e-insert implant and relatively high- value resis- 
tors using the base implant are recommended for the 
process. 

The peribrmance of a device desij^n is usually measured 
by its parameters used in the SPICE circuit analysis pro- 
gram developed by the University of Caiilornla at Berkeley. 
To demonstrate performance, Table 1 gives a list of some of 
the key parameters measured. 

Since device performance is primarily related to the 
operating conditions. Fig. 2 and Kig. 3 illustrate the dc and 
ac bias dependence, respectively. 

Device Fabrication 

The size of the minimum-geometrj' bipolar transistor 
shown in Fig. 1 is approximately 700 jLtm-. This device is 
fabricated in an eleven-mask process that uses dual -layer 
metallization for flexibility of device interconnection. The 

process was chosen to maximize device performance and 
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Fig. 4. Simplified process se- 
quence for fabf}catir}g high- 
performance bipolar devices, (a) 
Growth of epitaxial layer after 
buried layer diffusion, (b) Isolatior} 
pattern i$ defined and after 
plasma etcfiir^g tt^e ^?(posed silh 
con. the cttannef stop is doped, 
(c) After the isolation oxidation, the 
collector wall is defined and 
doped. Then the base insert is dif- 
fused, (d) After a short oxfdation 
cycle, resist is used to masi( the 
base implant, fe) A layer of silox Is 
deposited and patterned for the 
arsemc emiltenmplant. (f) Contact 
openings are defined. The cross 
section after the nexi step, first- 
layer m^talffzation, is shown tn 
Rg It, 
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Fig. 5. Cross section of an oxtcfe /so/afecf sWjQture. 

density while maintaining good pruducibility in a man- 
ufacturing en%'ironment. A simplified process flaw is 
shown in Fig. 4, 

The oxide isolation is achieved by the standard technique 
of depositing and then defining a silicon-nitride mask over 
the active device areas. The exposed areas are plasma 
etched and a thin oxide is grow^n in these regions. A 
channel -stop mask is applied, and after a boron predeposi- 
tiorit t he exposed areas are o xi dized to a th ickness of 1 .2 /jtm. 
The depth of the plasma etch step removes enough silicon 
in the exposed areas so that the surface after oxidation is 
approximately planar. Fig. 5 show^s an acttial cross section 
of an oxide isolation structure. The boron channel-stop 
diffusion tjrt^vents the formation of a conduction channel 
between subcollectors that may occur from n-dopant ac- 
cumulation and p-dopant depletion diiring Dxidation. 

The collector, base, and emitter are implanted for excel- 
lent control of device characteristics. Sheet resistances of 
implanted laye^rs can be maintained to within 5% of target 
values- This ensures that the uniformity of transistor and 
resistor cJiaracteristics across a wafer, and from wafer to 
wafer, can be specified more exactly than has been previ- 
ously possible. Anotlier advantage is that photoresist can be 
used as an implantation mask- thus allowing for greater 
process flexibility because doped areas may be defined 
solely by a resist process. This eliminates the \WBd for a 
sequence of o.\i da ti on and oxide-etching steps that makes it 
difficult to maintain good dimensional control. 

Metallization often limits circuit density in bipolar de- 
signs. A dual-layer molybdenum-gold (Mo-Au] system is 
used in this process [see Fig. 6). The first metal layer is 
deposited as a composite Mo-Au-Mo film. The top layer of 
molybdenum is patterned by resist and plasma etched in a 





SFfr-based system. The patterned molybdenum serves as a 
mask for etching the underlying gold layer during the sub- 
sequent sputter etch step. The exposed iBolybdenum areas 
(both top and bottom films) are then plasma etched. lea\iag 
a Mo-Au film which replicates theoriginal pattern with less 
than 0,2 ^m undercut per side, A conventional CVD (chem- 
'rM vapor deposition) oxide is used as the interlayer dielec- 
•ric:. The second layer metal deposition consists of a sput- 
tered Mo-Au film. After patterning, the gold layer is elec- 
troplated to a thickness of 2; 5 to 2 ^m. This procedure 
ensures good step coverage over first-layer metal lines. This 
metallization process can easily achieve first-lay er-metal 
and second- lay er-metal pitches* of 5 to 6 jum and 10 to It 
fjnHr respectively* 

The design rules for this process are based on the use of a 
direct- step -on -wafer (DSVVj projection system with a posi* 
live photoresist process. The minimum feature sii^e is a 
1.5-iw^m-wide emitter stripe and alignment tolerances are 
approximately I ^m. 
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Synthesizer Accuracy for Unsynthesized 
Microwave Sources 

This source synchronizer stabilizes microwave sources 
to provide accurate continuous-wave or swept- 
frequency outputs, it also provides a high-performance 
microwave counter. 

by V. Afan Barber 



GENERAL-PURPOSE MICROWAVE signal sources 
in use today Ccin be classified into tliree broad vMe- 
gorltis. In widu use are signal generators, whiuh are 
manual iy tuned instruments generally ottering versatile 
modulation capabilities, reasonably low phase noise and 
low frequency drift over fre(|uancy ranges ol an octave or 
more at an attractive price. The klystron oscillators of the 
past are being replaced by GaAs PET ascilletors in modern 
instruments.' These generators are particularly useful for 
signal simulation in receiver testing, especially when com- 
bined with a frequency ntmnter lor accurate frequency 
setting. 

The second categor\^ is sweep oscillators. These versatile 
instruments offer broadband sweep operation over more 
than three decades. Progra mm ability makes these units pcir- 
ticulariy suited to component measurement applications, 
especially in automatic systems. Again, the frequency accu- 
racy needs of a system may require the use of an external 
frequency counter, Modem sweep oscillators are com- 
monly made with GaAs FET or Gunn devices, axe YIG- 
tuned and are often combined with frequency multipliers 
for liigher-frequency operation. 

The third category is synthesizers, These generators offer 
the ultimate in frequency accuracy and phase-notse per- 
forniance. The best of them offer some of the features of 
signal generators, such as versatile modulation and cali- 
brated power output. These find broad application in signal 
simulation and automatic test systems. 

With the new 5344S Source Synchronizer. Fig. 1. the 



owner of a signal generator or sweeper can give it the 
superior frequency accuracy of the synthesizer and add 
some new capabilities never before available in a general- 
purpose microwave signal source. A sample of the signal to 
be stabilized is sent to the 5344S, and for CVV operation, the 
desired frequency is entered on the 5:i44S front paneL The 
sample signal is down-converted to an intermediate fre- 
quency and compared with an internal crystal-controlled 
synthesizer, and a correction voltage is developed and 
applied to the frequency modulation port of the signal 
source. The source may be phase-locked in this manner at 
any frequency in 1-Hz increments from 0.5 to 18,0 GHz 
(26,5 GHz optionally), witli accuracy and long-term stabil- 
ity equal to that of the reference oscillator in the 5344S, 

in addition to simple CW synchronization, the 5344S 
provides two highly accurate sweep modes of operation. 
For narrowband sweeps [up to 40 MHz wide), the 5344S 
provides a phase-locked, phase-continuous sweep. The 
signal source operates in the CVV mode with the 53445 
forcing the sweep with a ramp voltage to the source's FM 
input. Thus a signal generator can become a sw^eeper, at 
least over narrow band widths. Furthermore, since the 
sweep IS always phase-locked, it has synthesizer precision 
throughout its range, and there are no phase transients as 
the frequency is swept. Up to four markers, again with 
.synthesizer precision^ are avaiJablefor use in the traditional 
way. 

Broader phase^Iocked sweeps are not possible because of 
the 1 imited IF bandwidth of the synchronizer, but the 5344S 
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can dramatically improve the accuracy of broadband 
sweeps in a mode we call 'iock and roll/' Here the user sets 
up a normal sweep on the sweep oscillator, say from 2 to 3 
GHz, then enters the start frequency on the 5344S (with 
1-H^ resolution). The source synchronizer momentarily 
phase-locks the sweeper at 2 G!-iz for eacl^i sweep. The 
residting correction voltage is held at the FM input and the 
?sweeper is triggered to make the sweep in the normal fash- 
ion. What this accompHshes is much improved accuracy 
f typically 50 kHz) al tiiH .start frequency and I he removal of 
frequency offset errors. th« largest error contributor^ from 
the rest of the sweep. In addition, with Option 042 and the 
HP 8350A Sweep Oscillator as the sweeper.- marker and 
stop frequencies can bo measured dynamically with the 
counter during a measurement, allowing lor easy manual 
adjustment of these frequencies* 

The sample signal for phase- locking the 5344S may be 
obtained from a directional coupler or power splitter on the 
output of the signal source. However, many sources, in- 
cluding all HI* broadband sweeper plug-ins and f^GHliAand 
86B4A Signal Generators, provide an auxiliary output. This 
output may be a subhormonic of the regular output fre- 
quency or olTset from it. The 5344S can automatically de- 
termiuG the subbarmonic multiple and apply It appro- 
priately before phase-locking. It can also apply a user- 
entered offset to the phase- lock frequency. Since the 5344 S 
is ca p a h I e o l() , 2 - H z res t j 1 u 1: i o n i n t ern a 1 1 y . t h e res o 1 u t i o n o f 
1 Hz on the output frHquency is maintained even when 
using an auxiliary output at the iiftieth sub harmonic. 

In manual operation it is necessary to tune the source 
\vithin 25 MHz of the desired frequency, but if the source is 
an H? .Model a62PC: Option 1 1 or 835(lA Sweeper, then the 
5344S performs this task automatically. \n ADTO hOCK 
mode the .5344S becomes an I IP- LB* controller and can set 
the frequency and mode of the source using one additional 
interface cable. This makes operation extremely simple; the 
user only needs to enter the desired frequency on the 5344S 



-► Sweep Trigger 
-!► Sweep Oul 
¥ 2-Axis Out 
Z-Axis In 
Sweep In 
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Fig. 2. 5344S Source Syn- 
ch ronner block diagram. For fre- 
quency Gontroi of the source temg 
staOfiized. the FM Qutpul of the 
5344 S iS apphed to the source's 
FM input. 



Iront panel or adjust it using the control knob or step keys. 

System Organization 

Kig. 2 shows the basic architecture of the 53445, This 
system is a combination of a 5342A Microwave Frequency 
Counter (optionally a ^343 A] and the new 5344A: thus the S 
in the model number refers to the combined system. The 
frequency counter alone performs its function by mixing 
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the unknown input signal f^^ against the Nth harmonic of a 
precisely synthesized local oscillator f^Q, then counting 
the lower intermediate frequency fj|;. The input frequency 
is then calculated from: 



hn = NfLo ± f 



IIP 



n) 



and displayed.^ 

Conceptually this process can be reversed, If we know 
what we want the input frequency f|n to be, we can force N, 
fLQ. the sideband {+ or -), and fip to values that satish^ 
equation 1 and the result must be the frequency we desire. 
This is the task performed by the 5344S. 

To understand how this is done, consider the example ol 
a user who wishes to stabilize a sweeper at 10575.000000 
MHz. A sample of the sweeper output is sent to the 5344S 
input [i\^ in Pig, 2) and the KM output is connected to the 
sweeper's FM input. The desired frequency is keyed into 
the 5344S and from that the appropriate values of N, f^Q, the 
sideband, and f|p are calculated. N must be an integer be- 
tween 2 and B8. The local oscillator frequency Flq must 
be between AOO.i) and 350,0 MHz in steps of 0.1 MHz, The 
intermediate frequency fjp may be between 50 and 100 
MHz with a resolution of 0.02 Hz. For this case the follow- 
ing values would be chosen: 



fin 


^ 10575.000000 MHz 


N 


^ 30 


fLO 


= 350.0 MHz 


sideband 


- + 


fiP 


= 75.00000000 MHz 



The system guarantees that the correct N [30] and 
sideband [ + ) are used by checking that the h-ee-running 
source frequency is close enough to the desired frequency 
so that it will produce an IF (25-125 MHz] only when 
heterodyned on the upper sideband of the 30th harmonic of 
350 MHz. Then the local oscillator will be set to 350 MHz 
andthefractional-Msynthesi?:ersetto37.5 MHz, or one-half 
of f^p because the IF is divided by two before the phase 
detector. The phase/frequency detector produces the dc 
voltage necessary to adjust the frequency of the microwave 
source until f|p,'2 is in phase with and therefore equal in 
frequency to fjvji\ the output of the fractional-N synthesizer. 
If this is so, equation 1 is satisfied and phase lock is 



achieved at 10575,000000 MHz. 

Although they are built separately, the 53 42 A and 5344 A 
are connected both mechanically and electrically and oper- 
ate as a single instrument, the 5344S. Two coaxial connec- 
tions allow the instruments to share the IF signal and 
10- Ml tz reference [a precision oven oscillator is standard in 
the 5344S). Between the instruments is a 40-pin ribbon 
cable carrying all the data ^ud control lines from the micro- 
processor. The processor resides in the 5 342 A but program 
ROM and RAM are located in both instruments with control 
passed back and forth as necessary. With only the counter 
turned on, or with both instruments on but not in lock 
mode^ the counter has control and operates in its normal 
way. While the system is locking a source, the synchronizer 
program has control and the counter cannot be used for 
other purposes. In the CVV mode the counter continuously 
measiu'es the synchronized frequency. 

The key to the fine resolution and sweep capability of the 
5344S lies in the fractionai-N synthesizer/* This circuit 
provides the reference signal that the phase detector com- 
pares with the 11-' trorn the counter [divided by two}. The 
synthesizer, to be described in the next section, is capable of 
10-nanohertz resolution from 25 to 50 MHz. although it is 
used to only 10-milli hertz resolution here. Its output fre- 
quency may be swept across its full range while phase- 
locked. As this frequency. fj^.F. ^s swept (see Fig, 2], the 
phase detector applies a correction voltage to the source in 
an attempt to force it to follow in frequency and keep the 
phase error at zero. Since the loop bandwidth is wide com- 
pared to the frequency components of the sweep ramp, the 
loop succeeds, as shown by the waveforms in Fig. 2. The 
output of the loop filter is a voltage ramp which causes the 
source frequency to ramp up. Since the loop filter is an 
integrator, its input is a voltage step, constant during the 
sweep and returning to zero at the end of the sweep. Thus, 
there is an offset in phase which is constant during the 
sweep. The phase detector is also an integrator, acting upon 
the frequency difference of the inputs, so frequency error is 
the derivative of the phase detector output. Thus, the fre- 
quency error during a sweep is nominally zero except for 
the brief (10-20 microseconds) transient at the beginning 
necessary to establish the phase offset [thirty degrees 
maximum J that drives the loop during the sweep, and a 
similar but tjpptjsile transient after the svveep ends. The 
result is that the precision and linearity of the low- 
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frequency sweeping fractional-N synthesizer are trans- 
ferred to the microwave source being locked- 

Fractionat-N Synthesizer 

Fractional-N frequency synthesis is a powerful extension 

of the traditional divide-by-X tec:hjiiqiie of frequency 
synthesis shovvn in Fig. 3 a. Here the voltage-contrailed 
osdllatar (VCO) frequency is divided by N before being 
locked to the lOO-kH^ reference. The VCO can be locked in 
steps of 100 kHz by changing N, which must be an integer. 

Fig. 3b shows the additional elements necessary to 
achieve locking at fractional harmonics of the reference 
f^eqoenc>^ fn the fractional-N synthesizer, pulses may be 
removed from the VCO output before being counted in the 
divide*by*xN circuit. For example, if 10 pulses per second 
are deleted, the VCO frequenc>^ must rise by 10 Hz on the 
average to keep the loop in lock. Thus, if N were 500. the 
average output frequency^ would be 500x lOO kHz + 10 Hz, 
or 50.00001 MHz. The effect is as if the VCO frequency had 
been divided by an xM equal to 500.0001, composed of an 
integer part, 500. and a fractional part, 0.0001. While the 
average frequency may be correct, each pulse removal 
causes the phase detector to detect a 360~degree phase error 
and introduce a large transient into the loop. The result on 
the VCO output spectrum would be spurious sidebands 
spaced at multiples of 10 Hz from the accurately syn- 
thesized carrier frequency. This problem is prevented by 
adding a correction current (called phase interpolation) to 
the output of the phase detector to compensate exactly for 
these transients. The required waveform is a sawtooth with 
the vertical portion coincident with the cycle removaL 

Both the cycle removal circuit and the phase interpolator 
are controlled by a custom NMOS integrated circuit which 
calculates the required phase offset each time the phase is 
measured, which is on each cycle of the reference, or every 
10 microseconds. This analog phase correction current is 
generated by a five-digit digital-to-analog converter. With 
this technique the ultimate frequency resolution attainable 
is iimited only by the number of digits carried in the cal- 
culating circuitry, fifteen in this case. The quality of the 
output spectrum, on the other hand, is determined largely 
by the resolution of the phase interpolator. The spurious 
signals in the VCO output are held to at least 70 dB below 
the carrier. 

Phase-continuous frequency sweeps are made possible 
by adding a small frequency increment each time the phase 
offset is calculated. Since this occurs at a rate f 100 kHz) that 
is high compared to the loop bandwidth (about 7 kHz), the 
resulting frequency steps are smoothed, that is, there are no 
phase transients during the sweep. Another register keeps 
track of any marker frequency entered and a TTL pulse 
signals the microprocessor as that frequency is passed. The 
microprocessor uses this pulse to generate a marker pulse 
on the 5344S Z-axis output 

Phase-Locked Loop 

The phase-locked hiop. which ultimately provides the 
synchronization of the source* is diagrammed in Pig. 4. Its 
purpose is to generate the FiVl correction voltage necessary 
to adjust the source output frequency so that its down- 
converted replica in. is in phase lock with the local synthe- 



siicer fjv'p- 

The dlplexer, which precedes the phase detector, allows 
the roles of the tw*o phase- detector inputs to be reversed as 
necessaiy-. according to the desired FiM output polarity, that 
is, depending on whether a positive voltage makes the source 
tune up or doum and whether the system is using the upper 
or the lower sideband for down- conversion. 

The dynamic response of any feedback loop is highly 
dependent on the loop gain — the combined gain and phase 
shift of each component in the loop. Since the source to be 
synchronized is in the loop, we must know its FM tuning 
sensidvity and polarity^ and compensate for them. These 
parameters are measured before the loop is closed by 
impressing a small "tickle" voltage. -192 mW on the 
source, measuring its output frequency, then removing the 
voltage and measuring again. The sensitivity is calculated 
from these measurements and the variable-gain amplifier in 
Fig. 4 (an 8-bit multiplying dig it al- to-anal og converter) 
is adjusted to compensate. Thus, the loop gain is held 
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constant for any KM tuning sensitivity irum 1 to 5U M[lz 

per volt, 

Lock Aigofithm 

Fig. 5 shows the algorithim used by the 5;H4S to prepare 
for and execute a repetitive phase- locked sweep after the 
start iind stop IreqiiQncifjs nnd sweep time have been en- 
tered and the MANUAL LOCK button has been pressed. 

First the Input parameters are checked to be sure that the 
combination of start and stop or center and delta frequen- 
cies does not produce a disallowed result, such as an out- 
of-bounds frequency H a sweep that is too wide, or a back- 
wards (high to low] sweep. Then thefrequency of the source 
is measured and compared to the center of the desired 
sweep. If it Is not witlun 25 MHz, a FREQ HI or FREQ LOW 
indication is "iven and the machine waits for it to be ad- 
justed. If AITO LOCK is used, the 5344S makes this coarse 
adjustment itself via the HF-IB. With the frequency now 
close to the desired value, the 5344 S measures the source 
FM tuning sensitivity and polririty. and checks to see if the 
sweep is too wide for this sensitivity, Since the 53448 has 
xlO volts of FM output available, sweep widths may be 
limited if source FM sensitivity is limited. Sweeps that 
cannot be accomplished with ±5 volts are disallowed* 
Thus, fuli sweeps of 40 M\lz are possible only tor source 
sensitivities of 4 MHz/volt or more. Furthermore, the syn- 
chroniser must ensure that the tuning voltage is adequate to 
achieve lock at each end of the sweep, w^hich may mean that 
the unlocked source will need to be tuned closer than ±25 
MHz. The possible pull-in or lock acquisition range is re- 
duced by one-half the width of the siveep to 5 MHz worst- 
case. For example^ if the user has requested a 40-MHz-wide 
sweep and the free-running source frequency is 5 MHz 
above \\m center of the sweep, the tuning voltage must pull 
the source do^vn 25 MHz to reach tlie low end uf the sweep* 
This is the limit of the pull-in range. For this example the 
source FM sensitivity must be at least 5 MHz/volt. 

In case of any problem the 5344S tells the user that the 
source frequency is high or low or that tiie selected sweep 
parameters are impossible to achieve. With the source now 
coarsely tuned, the 5344S proceeds to set its internal syn- 
thesizers and loop gain and polarity, and then closes the 
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Fig. 7. End'Of-sweep dstection in lock-and-roi! mode. 

loop. After waiting tw'o milliseconds, the i)rocessor enables 
an out-of-lock interrupt. From this point on. any condition 
that unlocks the loop will interrupt the processor and re- 
start the lock algoritfim from the beginning. 

The fractional'N synthesizer, which was set for the start 
frequency of the sweep, is now triggered to start its sweep 
up. Simultaneously the sw^eep ramp is starled. This Is a 
tl-to-10-volt digitally s^enerrited ramp, synchronous with 
the sweep, sent to the SWEEP OUT port for display use. 
When the sweep ends, the frequency and ramp are simply 
reset to the beginning and restarted. 

Phase Noise 

The phase- noise characteristics oi the syncli rani seed 
source depend on both the unlocked source spectrum and 
thecontributionsof the 5344S. A phase-locked loop is cffee- 
tiveiy a low-pass titter to the noise oi the reference signal 
[the 5344S|, and a high-pass filter to the noise ol the VCO 
[the source to be synchronized), with the same cutoff fre- 
quency in both cases. Thus, we would like a wdde loop 
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bandwidth to lock a source that is much noisier than the 

5344S. and conversely, a narrou- bandwidth for reiati^'ely 
clean soufces, The53-WS offers a choice of two band widths. 
10 kHz and 100 kHz. Virtu ally all signal generators can use 
the 10 kHz position and most sweep oscillators, at least at 
tbe higher frequencies, need the 100 kHz loop bandwidth. 
Since the narrower loop has a ver>' slow^ s\ew rate* however, 
it is not suitable for either phase- locked sweeps or lock- 
and-roU operation. 

Fig. 6 shows the phase noise of an HP S350A Sweep 
Oscillator with an 83 595 A plug- in phase-locked by the 
5344S at 6 GHz. 

Log k-and- Roll Operation 

Lock-and-roll operation is real J y a simple extension of 
CW operation. This feature is largely realized by firmware 
with only tu^o key pieces of extra hardware necessary. With 
an HP sweep oscillator such as an H350A or 8620C set to a 
sweep mode with external triggering, and the 5344S set for 
the desired start frequency, the 5344S first triggers one 
sw^eep and waits for it to complete, This is to assure that the 
sweeper is waiting at the start of the sweep when the al- 
gorithm begins. The counter then checks to see that Ehe 
frequenc}^ is within pull-in range, and if it is, the 5344S 
proceeds to lock just as In CW mode, that is, it checks tuning 
sensitivity and polarity, calculates frequencies and sets the 
internal synthesix:ers, closes the loop and checks to ensure 
that lock has been achieved. If it has. the track-and-hold 
circuit [¥\g, 4) holds the correction voltage and tiie sweep is 
triggered. The instrnnient then simply waits until the 
sweep ends and the retrace has been detected (by a circuit to 
be described shortly). The frequency is now back at the 
start, so the FM correction voltage is released, the source 
locked, and tfie sweep repeated. 

The FM correciion voltage is held constant by die track- 
and -ho Id circuit througliout the sweep, althougfi It may 
change trom sweep to sweep. In other words, whatever 
correction was necessary at the start frequency is applied 
throughout the sweep. This makes .sense for oscillators willi 
very linear tuning-voltage-versus-frequency functions such 
as YIG-tuned oscillators. With this technique, the fret|uency 
error for broad sweep;^ can be reduced by yg much an B0% to 
about 8 MHz for HP sweepers. 

End-of-Sweep Detection 

When the 5^1448 is in lock-and-mH mode, it knows when 
a sweep and retrace have been completed, and there- 
fore when to relock the start frequency, by watching the 
sweeper's lOV' ramp (SWKF.P OUT) output signal, which 
looks like waveform 1 in Fig. 7. The ramp sweeps from 
approximately volts to 10 vo 1 ts a s the f r e(| u e n cy s w eep s 
from start to stop, and contains pauses if the sweeper stops 
to change bands. A sweep may last trom 10 milli.seconds to 
100 seconds- This signed is also output on the SWEEP OUT 
port of the .53448 in lock-and-roll mode for use as the hori- 
zontal drive for a display device such as an oscilloscope or 
X-Y plotter, tt is replaced by an internally generated 10-volt 
ramp when the 5:1448 is in a phase- locked sweep mode. 

The end-of-s weep point [marked EOS in vvaveforni 1, 1'ig. 
7) is extracted from tt^e rarnp by lotjking for the inOectian 
point To do this, the waveform is differentiated twice in A ^ 



and A2- To accommodate the four-decade range in sweep 
rates. A 1 is ptecewise linear, that is. its gain changes in tfuee 
steps as the input voltage slope changes. Comparator A3, set 
to zero volts, selects the positive portions of waveform 3 so 
its output contains a pulse at each positive inflection of the 
input waveform, and this serves to set tbe set-reset Hip-flop 
A4. Flip-flop A4 ts reset (resets override set inputs in tliis 
devicet by comparator A5 whenever the input wavefonn is 
above 200 millivolts, thus elimLnating inOections that are 
not near ground potential. Comparator A ^ (with hysteresis) 
selects descending portions of the waveform and when 
gated with w^aveform 6 eliminates inflections that do not 
follow a negative slope. The result is waveform H, which 
contains a positive transition at the positive inflection point 
of a negative slope near ground, the end of the sweeper's 
retrace. 




Fig, 8, fa; inseWon loss of a hfgh-Q sufface-acoustic-wave 
resonator Vertical scale 0,25 dBi'div. Horizonral scale WO 
kHz sweep wtdih The sweep osctitator's fesidua( FM inter- 
feres with the measurement, ft)) Same measurement with the 
sweeper locked by the 5344S Source synchronizer Markers 
showing passband edges and center frequency are at 
749 760000 MHz. 749 780000 MHz. and 749.800000 MHz 
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Testing Narrow Devices 

Tiie extraordinary accuracy of the phase-locked sweep 
mode with its four markers has proved very useful for test- 
ing or adjusting components with hi^h accuracy require- 
ments, such as narrow communications filters. Using the 
source sytichroni:^er with a microwave source and a net- 
work analyzer, the source may he swept across a device's 
pass band and markers placed on critical points with assur- 
ance ot synthesizer accuracy. If the analy^^er is antamatic. 
such as the HP 8755P. the whole process may be automated 
via the HP- IB, which is standard on the 5344S. 

Measurements on extremely narrow^band devices are 
sometimes made difficult by the residual FM of the swept 
source being used. Fig. Ba shows the passband insertion 
loss of a high-Q surface acoustic wave resonator at approx- 
imately 750 MH^. The residual FM of the sweeper interferes 
with the examination of passband details. When the 
sw^eeper is locked with the 5:i44S (Fig. Bb] its residual TM is 
effectively eliminated and the markers allow precise de- 
termination of center or band-edge frequencies. 
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